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TRANSACTIONS 


of the 
American Society jer Steel Treating 


Cleveland, March, 1921 


WATCHING THE WATCH DOG 


Of all the afixiliary equipment utilized in heat treating operations, the 
pyrometer perhaps is the most important. Whether manual or automatic, 
this piece of apparatus serves as the watch dog of furnace temperatures, 
certam: cycles of treatment being governed almost entirely by its read- 
ings. All conditions being equal, uniform results in product are obtained 
time and time again through the faithful service of these instruments. 

Regardless of the type and operating principle, these devites are 
necessarily delicate and may become inaccurate in spite of the most 
careful handling and manipulation, their falsity sometimes being so slight 
as to remain undetected until the product fails in test. Much trouble 
trom this source can be minimized by periodic checking of pyrometers 
with instruments either standard or known to be correct. For the smaller 
plants such a policy may have disadvantages, however, it is reasonable 
insurance against lowering the standard of product. 

Realizing the importanc e of pyrometer equipment, some manufacturers 
of this equipment have instituted a service whereby traveling represen- 
tatives of. the company inspect and Cie the apparatus at given intervals. 
Larger plants which use a number of pyrometers frequently prefer to 
check their own instruments, and for this purpose, the department of 
metallurgy, United States bureau of standards, Washington, carries in 
stock pure specimens of various metals having known thermal properties. 
These metals are made and sold expressly for the purpose of checking 
pyrometers when time does not permit sending the instruments to the 
bureau. Either of the two methods produces desired results. 


COMBATTING INDUSTRIAL WASTE 


Undertaking of a survey on industrial waste and the proper methods 
in its elimination were announced at the recent meeting of the Engineer- 
ng Council of the Federated American Engineering Societies in Syra- 
cuse, N. Y. Although still a young organization, the society feels the 
need of all engineers joining hi ands” in purging industry of extravagant 
habits and methods which gained a foothold when during the war pro- 
duction was demanded at any price. The day for those methods is 
passed for the present business depression is effecting its own house 
cleaning—the present demand of industry is economy. 

The Federated American Engineering Societies has chosen a huge 
problem as its first achievement and one in which it has the support, not 
only of manufacturers but of the public. Conditions are ripe for attack- 
ing waste in a whole-hearted and determined way. As evidencing the 
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FIG. 1—~MANUIFACTURERS BUILDING, STATE FAIR GROUNDS, INDIANAPOLIS, WHER! 


192i CONVENTION WILL BE HELD SEPT. 19-24. FIG. 2—INTERIOR OF SAME 
BUILDING SHOWING 25,000 OF THE 78,000 SQUARE FEET OF EXHIBITION 
SPACE. \FIG. 3—WOMAN’S BUILDING WHERE SESSIONS WILL BE HELD. 
IT IS 400 FEET FROM EXHIBITION HALL 
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neerity with which the movement has been started, the organization 
ready has a committee making a national survey of conditions and upon 
; report and recommendations to the Council will depend the procedure 
be followed in the assay. In the interest of industry and the nation’s 
elfare, most hearty indorsement is given to the new movement. 


7S Speake didi etic 


NOMINATING COMMITTEE TO MEET 


The Nominating Committee of the Society will hold a meeting in the 
¥ executive offices in Cleveland on Friday, March 25, to nominate officers 
» to fill the vacancies for the year 1921-1922. 

* [he offices for which nominations are to be made are as follows: 


2 President. 
One Vice President. 

Treasurer. 

One Member of Board of Directors. 

Members of the Society are requested and urged to send recommen- 

p itions to the chairman of this committee, J. Fletcher Harper, Allis 
— Chalmers Co., Milwaukee, Wis. 

The other members of the nominating committee are: H-. G. Kiefer, 
Studebaker oP Detroit; A. E. Bellis, Springfield Armory, Springfield, 
Mass.; A. W. F. Green, John Illingsworth Steel Co., Philadelphia, and C. 
U. Scott, .. vu. Scott & Son, Rock Island, Il. 


INDIANAPOLIS WINS 1921 CONVENTION AND EXHIBITION 


The Board of Directors has decided to hold the third annual conven- 
tion and exhibition of the American Society for Steel Treating during 
the week of Sept. 19 to 24 inclisive, at Indianapolis. 

Before arriving at this decision the Board gave serious consideration 


to the many invitations received. Because of the enormous size to 

which the exhibition has grown, there are very few cities having a suffi- 
| ciently large building capable of accommodating the exhibition. 
Indianapolis was fortunate in having on the State Fair Grounds, 


the Manufacturers’ Building, 360 feet in length by 220 feet in width, the 
total floor area of which is 78,000 square feet. The central section of 
this building measuring 240 feet x 100 feet, is known as the “Sunken 
Garden and is 20 inches below the level of the surrounding floor space. 
The building is new, well lighted, and excellently adapted for exhibition 


| pl eae The management has divided the floor space into 161 10 x 
| 20-foot sections. The booths along the north wall are to be used for 


the live exhibits and are supplied with gas and compressed air, while 
arrangements also have been made for the exhibitors requiring heavy 
electrical current to locate on the promenade on the same side of the 
= ulding. The floor plan probably will be ready for distribution by 
March 15, when reservations can be made. 

The meetings are to be held in the Women’s Building, located about 

400 feet from the exhibition hall, where there will be available three or 
more large meeting rooms where it will be possible for several sectional 
meetings to be held simultaneously. | 
tRE The Indianapolis chapter of the Society is engaged actively in mak- 
| ing comprehensive plans for successfully carrying on its part in making 
entertainment of the visiting members and guests a notable occasion. 
rge Desautels, national member of the Program and Papers Commit- 
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tee, is organizing the members of the chapters into 15 committees, n 
the least of which is the one devoted to the entertainment of delegates an: 
their wives. The Indianapolis chapter plans to raise $5000 for enter 
tainment purposes, and expects to show the visitors a very enjoyabl 
time. 

The requests that have been coming into the National office at 460 
Prospect avenue, Cleveland, for information as to reservations and flo 
plans, indicate that the exhibition this year will be larger than it was at 
Philadelphia last year, and all indications point to an attendance of 


least 15,000 people. 


A DISCUSSION OF MOLYBDENUM STEELS 
By Charles McKnight* 


(A Paper Presented Before the Pittsburgh Chapter) 


Molybdenum steels were first brought into use in answer to th 
exacting demands of the war. They served their purpose admirably but 
in the reaction which followed the war they fell into disfavor, perhap- 
because the steel users “fear the steelmakers even bearing gifts”, perhap 


out and fell down in service. Whatever the reason, a counter-reactio! 
now is going on and these steels are receiving an almost enthusiasti 
reception, especially from automobile manufacturers. 

The first use of molybdenum in alloy steels was probably in hig! 
speed tool steel either to replace or to augment the effect of tungste1 
In this connection, a report on the efficiency of tool steels presented Ie 
fore the British Iron and Steel institute in 1919 by Messrs. Arnold an 


5.79 per cent molybdenum removed more metal in a machining test thai 
did a chrome-tungsten-vanadium steel containing 15.93 per cent tungste: 
and otherwise practically identical with the first steel. 
from this that one part of molybdenum produced substantially the sam« 
results as 2.7 parts of tungsten. 


of the socalled commercial molybdenum steels, referring to steels con 
taining less than one per cent of molybdenum which can compete 0: 
a cost basis with other structural alloy steels. 
extensive experimentation along these lines with a broad enough scop 
to be of really great value was undertaken by Messrs. 
at the Ford Motor Co. factory. 
the most part of steel which was ordered to conform to the analysis 
Carbon, 0.23-0.28 per cent; chromium, 1.00 per cent; 
cent; and manganese, 0.70-0.90 per cent. 

This analysis was so written that the steelmaker would average 
per cent of his heats on the low side and 15 per cent on the high sid 
as far as carbon is concerned. The low carbon heats were used for cas 
hardened parts and the high carbon ones for the oil quenching parts 
Thus this one specification covers all parts of the car except specialties 
such as balls for ball-bearings and magnet steel for the magneto. 

On account of the monopoly on vanadium and the royalty on its ws 
a search was made for a steel which would replace the chrome-vanadium 
for universal use in ah automobile—that is, for one which, « 


coming low 11 





*President, the Carbon Steel Co., Pittsburgh. 





because one or two bad heats of molybdenum steel were allowed to get 


Ibbotson shows that a chrome-molybdenum-vanadium steel i, 


It would appeat 
These experiments, however, had little to do with the development 


[t appears that the first 


Wills and Chandle: 
At this time the Ford car was built fo: 
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rbons, could be used for case hardening, coming high could be used 
oil quenching, and within the range would be suitable for the struc- 
iral parts of the car. There is no such steel available. For example 
replace chrome-vanadium with a straight chrome steel of the same 
: ivsical properties it would be necessary to raise the carbon to a range, 
vy of 0.25 to 0.35 per cent and the chrome up to 1.10 to 1.25 per cent 


din so doing the purpose of the universal steel is defeated. 


Srey 


Therefore, a systematic and logical search of the periodic system was 
ndertaken to find if possible the element or elements which added to 
teel would furnish an alloy fulfilling all the specifications. Such an 
leal alloy steel, to quote the metallurgist of one of our largest auto- 

bile manufacturers, would have to show the following characteristics. 

The alloying element used in its manufacture must be readily ob- 

nable and the supply practically inexhaustible. It also must be capable 
developing readily at least our present minimum physical properties 
ud preferably something better. It must not be subject to monopoly 
patent litigation. It must be so produced at the mill that its per- 
ntage of rejections due to seams, segregation and pipes is under 2 
er cent of the finished bar. It must forge readily and flow easily at a 
mperature of 2100 to 2550 degrees Fahr., thus reducing the percentage 
forgings which are thrown out for not filling out the dies and other 
rging defects. It must have a wide heat treatment range and must be 
= s fool proof as possible in order to eliminate the necessity for elaborate 
| ntrol to produce well heat treated forgings. It must possess the quality 
easy and uniform machineability with no diminution of our present 

| hysical properties. It must lend itself to the water quench. 
P | Pursuing this quest, one element after another was tried. Some 





reer, 


+ 


met most of the specifications, some a few and some were totally un- 
uited. ‘To mention a few, iridium was cast into the discard on account 
of its rarity, as were rhodium, platinum and other rare metals. Uranium 


| infortunately at — time was too uncertain in supply and too costly; 
r | irconium, which gave some remarkable results, was too erratic in its 

tion, at times ea into solution and at other times exercising its af- 
" E nity for oxygen aiths detrimental effects. 


Finally the choice fell on a chrome- molybdenum steel. The supply 
chromium is practically inexhaustible and is found in all parts of the 
» an eo} 


orld, while four-fifths of the world’s known supply of molybdenum is 
pt ve ntained in the United States. On the other hand, most of our nickel 





‘ mes from Canada and practically all of our vanadium is imported from 
: ru. There was no patent litigation and arrangements have been 
= 4 made to prevent any in the future. This steel will forge readily, has a 
r a de heat treatment range and possesses exceptional machining qualities, 
: vill be shown later, and there are no unusual difficulties attached to 
Be manufacture. 
a When the decision was finally made that a molybdenum steel most 
is irly fulfilled all the specifications for the ideal steel, its manufacture 
ts S begun. This was, as nearly as can be ascertained from the incom- 
= te records, the introduction of molybdenum steels into the commer- 
|, structural field. 
i The manufacture of molybdenum steels is no more intricate than that 
unl iny other alloy steel. The metal is supplied in two forms, either as 
11 


molybdenum, which contains 50 to 60 per cent of molybdenum, or 
ilcium molybdate, the purer form, which contains 42 per cent, the 
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balance being lime. The steel may be made by the crucible, electric, o1 
open-hearth processes and the producers of the alloy state that it may be 
added to the charge in three ways. First, the ferro can be introduced 
into the bath just before the charge is completely melted and the lime 
has begun to come up; second, it may be added before tapping at the 
same time as the ferromanganese and third, it may be added in the ladle 
This last named method should be avoided when possible as the liabilit; 
of imperfect distribution and segregation is great. In our practice, the 
ferro addition is made at any time after the slag is in shape, allowing 
ample time for its dissemination throughout the bath. 

The use of calcium molybdate, naturally, is less common but it: 
employment is about the same, the containers being thrown into the 
bath through the slag. It cannot, of course, be added in the ladle. In 
the electric furnace the molybdate is added after the first slag has been 
skimmed. 

No especial precautions should be taken in either pouring or rolling, 
except those which would be taken with any alloy steel, and it usuall) 
will be found that the percentage of product will be greater and the re 
jections for seams, segregation or piping less with molybdenum steel 
than with corresponding grades of alloy steels. This is particularly 
noticeable when a chrome-molybdenum steel is compared with a nickel 
chrome. 

At pfesent, the use of molybdenum in quantities under 1 per cent 
as an alloy is covered by analyses which include straight molybdenum, 
chrome-molybdenum, nickel-molybdenum, nickel-chrome-molybdenum and 
chrome-vanadium-molybdenum steels. 

The effect of the molybdenum addition in these steels is marked 
The tensile properties of the steel are raised above those of a steel oi 
similar analysis but without the molybdenum and the elastic ratio is 
higher. But the most impressive effect is that of raising the reduction 
of area with a corresponding increase in the toughness. This can best 
be shown by a comparison of some actual physical results as follows: 


Chrome _ Nickel Chrome Molybdenum 
per cent per cent per cent per cent 
ee ee oe 0.28 0.37 0.23 0.30 
PED ong saN% seb se 0.30 0.70 0.50 0.70 
SN, Siete CkSa et es 0.65 1.36 0.74 0.98 
oe OE Ee hes 3.04 3.50 2.58 3.05 
Molybdenum ............ 0.32 0.54 


Elastic limit, 116,700 pounds per sq. in.; 130,000 pounds per sq. in 
Ultimate strength, 135,200 pounds per sq. in.; 142,000 pounds per sq. in 
Elongation, 19.6 per cent; 20.5 per cent. 

Reduction of area, 57.1 per cent; 65.0 per cent. 

In other words, the addition of less than 0.5 per cent molybdenum 
with lower nickel and slightly lower chrome produced an increase in the 
elastic limit of 13,000 and in the ultimate tensile strength of 7000 pounds 
per square inch, at the same time raising the elongation about 1 per cent 
and the reduction of area about 8 per cent. 

But these are not the only advantages. In fact, considering some oi 
the other superiorities, the gain in physical properties becomes simply a 
matter of interest. Molybdenum steels have demonstrated that the) 
have an extremely wide range for practical heat treatment which is 3 
quality of great value in these days of unskilled and careless labor, for i 
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leans that, instead of controlling the heat tteating furnaces within a 
ery narrow range, a difference in quenching temperature of 100 degrees 
akes little or no change in the properties of the finished steel. ‘This 1s 
shown in the following table, which gives the tensile results on a piece 
' steel containing 0.20 per cent carbon and 0.70 per cent molybdenum 
vhen quenched in oil from varying temperature and drawn at 1000 de 
rees Fahr. Only the grossest negligence could duplicate such a test 

shop practice and yet, even if it occurred, there would be little dam 


: oe done. The results follow: 
uenching Klastic limit, Ultimate Klongation Reduction in area, 
(4 pounds per strength, per cent per cent 
C . emperature square inch pounds per 
| . grees Fahr. square inch 
: . 1600 90,400 101,600 22.0 64.2 
1700 838,440 102,000 22.3 62.9 
ss L800 89,040 103,500 24.0 65.4 
) 1900 88.630 100,600 23.0 64.2 
2000 88,800 103,700 22.0 62.3 















: In addition, molybdenum steel permits a higher drawing temperature 
j der to obtain the same physical results. For example, in the manu- 
acture of Liberty motor crankshafts from nickel-chrome steel, the per- 
at missible drawing range, was trom 1050 to 1150 degrees Fahr., but in order 
n. to meet the requirements it was sometimes necessary to quench irom 
id ie drawing temperature while the average drawing temperature on the 
ickel- chrome-molybdenum shafts was 1150 degrees Fahr. and the phy- 
af cal characteristics were slightly higher than with the other steel. 
a To appreciate the advantages of this it is only necessary to recall 
ba hat a piece of quenched steel is in a state of unstable equilibrium and 
ian iat the higher the drawing temperature the nearer the approach to a state 
cs stable equilibrium in the steel. It is a matter of inference from this 
F int to carry the argument a step further. Fatigue is a molecular dis- 
turbance of the metal, therefore, the nearer the steel is to a condition of 
“= table equilibrium, the higher its powers of resisting fatigue and shock. 
: Chis inferential argument seems to be borne out in the case of molyb- 
enum steels both in laboratory tests “sm in actual shop practice. There 
decided difference in opinion as to value of impact and fatigue test- 
ng machines, thus without arguing as tc the value of these, it will be 
ufficient to say that in almost every case on record, molybdenum steels 
had a higher impact value than similar steels without molybdenum. 
in he following table shows the results on Liberty motor crankshafts: 
in Elastic limit, Ilongation Reduction Impact, 
pounds per per cent in area, foot, 
square inch per cent Brinell — pound: 
um specifications call for 116,000 16.0 50.0 266 34 
the ledium chrome-nickel 
nds SOME. ents a aa 129,760 17.2 53.7. 307 46 
- ; ia chrome-nickel 
BOGE ce iva oe 53-5 116,700 19.6 57.1 270 61 
E Ol olybdenum steel . 130,000 20.5 65.0 303 67 
4 "Finally, there are three great benefits to the shop in the use of .these 
_ eels: forgeability, machineability and uniformity of results. Taking 


last first, it is remarkable what small variations appear in extended 
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working with these steels. There are not so many freak tests and 
greater reliance can be placed on results. This quality appears in a dit 

ferent way in the hardening of molybdenum steels. In quenching a larg: 

section it is usual to find a variation from the center of the mass to the 

edges, the hardness becoming more and more progressive. The same re 

sults are obtained with molybdenum steels but to a much lesser degree, 
the center and the edge showing less hardness variation. 

As tor forgeability, the working range is wider with molybdenum 
steel than with other steels and it flows better under the dies. The fol 
lowing quotations are from the reports of two different automobil 
companies. “Chrome-molybdenum steel has a wider heat treating range 
than chrome-nickel and works better at lower temperature.” Again: 
“It is apparent that chrome-molybdenum has a wider forging range than 
chrome-nickel. We had one of the oldest and best hammer men in the 
shop on this job and he was highly pleased with the way the steel 
worked. A new set of dies was used and the axle was filled out per 
fectly at all points, which is very unusual with chrome-nickel under thx 
same conditions. ‘There was no scrap in 100 axles forged.” 

The ability of molybdenum steels to withstand abrasion has been 
questioned and unfortunately no data on this particular characteristic is 
available. The only test bearing on the subject is that made by a shovel 
manufacturer in the course of an investigation preliminary to adapting a 
molybdenum steel for his product. In this test, which approximated a 
closely as possible actual service conditions, the shovels were Ddaried 
to wear and abrasion equivalent to many months of field work, and al 
though it is impossible to quote the actual result, the molybdenum 
shovels withstood wear and abrasion equally as well and in most cases 
better than shovels made from steel of other analysis. 

If there is one pre-eminent quality attached to molybdenum which 
overshadows all the rest of the advantages, it is that of easy machining 
It is the condition which enables the higher priced molybdenum steels 
to compete equally with other alloy steels for, if a steel works well in 
the shop, it can easily overcome the handicap in price of a steel which is 
delicate to heat treat, dificult to forge and hard to machine. There is 
such a mass of evidence bearing out the truth of these claims that it is 
difficult to make a choice for quotation, but following are examples. 

A manufacturer of automobile parts in comparing chrome-molybde 
num with chrome-nickel and 3.5 per cent nickel steels in a shop test 
found that the chrome-molybdenum machined more easily than either oi 
the other steels. In the case of the 3.5 per cent nickel, the chrome 
molybdenum, with a hardness of more than 320 appeared to machine as 
easily as the nickel steel with about 270 brinell. In four different opera 
tions, all that were re ‘ported on the increased life of the tools without re 
erinding was from 135 to 320 per cent when working on chrome-molyb 
denum. : 

Another report states that when working on chrome- molybdenum 
steel, the number of pieces machined without regrinding the tools was 
333 per cent more than with chrome-nickel, although the brinell hardness 
on the molybdenum steel was about 40 points higher. 

In a laboratory test the machining gu: alities of chrome- molybdenum 
and nickel-chrome steel were obtained by heat treating a 
each in exactly the same manner and at the same time. The physical 
sroperties of both were similar, with a slightly higher brinell 
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rume-molybdenum. ‘These specimens were placed in a lathe and 
hile the feed, shape of tool and depth of cut were kept constant, the 


need was increased until one or the other turned to a blue color. ‘This 


curred first with the chrome-nickel and when it did occur there was 
discoloration apparent on the piece of chrome-molybdenum. 
Che following is verbatim from another report of one of our larg 
motor manufacturers: “The remarkable forging, heat treating and 
achining qualities of the chrome-molybdenum steel, however, which 
ve been outlined in the first part of this report will insure increased 
liability with an actual saving in manufacturing cost which will mort 
in offset the slight increase in the cost of steel.” 
“It must be remembered, however, that a unique quality of this steel 
s the easy machineability and its consequent effect on the wear and tear 
tools. <A large percentage of overhead cost is accounted for by the 
xpenditure for fixtures and cutting tools, especially the latter. We have 
wn that the lite of cutting tools is at least 200 per cent longer when 
rking on molybdenum steels than with nickel or chrome nickel steel 
d this has been true even though the brinell hardness of the molybde 
um steel was higher. We have demonstrated that for a corresponding 
lastic limit or brinell hardness, chrome-molybdenum steel machines 


much more easily than the chrome-nickel and the nickel steels; also 


at it will machine with equal facility when treated to show a brinell 
ardness of about 60 points higher. This quality can be made use of in 
ne of two ways: either by producing parts of much greater strength and 
ssessing a higher factor of safety; or by leaving the physical properties 
pproximately the same as with other steels and effecting a great saving 

machining cost and increasing largely the production in the machining 
lepartments. 

g 

n due to the machineability of this steel should effect the slight in 
rease in cost of the raw material even though no advantage was de 
ved from the properties already mentioned, such as forging quality, 
vereater facility in heat treatment, fewer rejections and increased factor 

Safety. 


from this standpoint alone the saving in tools and increased produc 


Having covered in an incomplete way the subject of molybdenum 
teels in general, it might be advisable to run over hastily the specific 
tvpes of steel and their uses. 

Straight molybdenum steel may contain, of course, any desired carbon 
ntent with the molybdenum running from 0.20 up to 1.00 per cent 
ut the most used types, known as MOX 1 and MOX 2, containing 
espectively, 0.20-0.30 and 0.30-0.40 per cent carbon and 0.60-0.70-0.80 per 
ent molybdenum. ‘These particular steels are not used extensively be 
iuse the benefits of molybdenum are to a large extent lost if not aug 
ented by some other alloy, such as chrome or nickel. | 

Tensile results on straight molybdenum steels quenched from 1500 
egrees Fahr. in oil and drawn at 1000 degrees Fahr. are: 

Klastic limit, Ultimate strength, 


pounds per pounds per Elongation, Reduction in area, Brinell 
square inch square inch per cent per cent 
OX 1. 75,400 96,000 25.4 66.7 228 
lOX 2 123,500 139,600 18.5 60.8 35) 


Chrome-molybdenum steels are divided into four types and three 
sses. The first class contains 0.25 to 0.40 per cent molybdenum: the 
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second 0.50 to 0.75 per cent; and the third, 0.75 to 1.00 per cent. Most oi 
the molybdenum steel, however, now being manufactured falls under thx 
first class and it is only in exceptional cases where unusual qualities ar: 
desired that the second or third classes are specified. The four ty pe 
are specified as follows: 


Carbon Chrome Manganese Molybdenum 
per cent per cent per cent per cent 
Mo. 1] 0.15-0.23 0.70-1.00 0.40-0.70 0.25-0.40 
Mo. 2 0.23-0.30 0.80-1.10 0.50-0.80 0.25-0.40 
Mo. 3 0.30-0.40 0.80-1.10 0.50-0.80 0.25-0.40 
MS 0.40-0.60 0.80-1.10 0.60-0.90 0.25-0.4 


These steels are by all odds the most used in regard to tonnage and 
are fast being adopted by automobile and tractor manufacturers, agri 
cultural implement makers and the machinery manufacturing trade in 
general. At least two of the largest automobile manufacturers in this 
country will probably adopt this steel for use in their cars in the near 
future and both are planning in adopting it as a universal steel; that is, 
ordering a certain carbon and using the high heats for oil quenching 
stock and the low heats for case-hardening. It is suitable for use in 
gears, axle shafts, transmission shafts, crankshafts, connecting rod; 
etc., in automobiles and for corresponding parts in other machinery. 

One of the leading automobile frame makers in the country is just 
concluding some experiments on this type of steel which furnish an in 
teresting comparison with nickel-chrome steel. Both steels were fur 
nished in the same gages and both were heat treated alike. The 
nickel-chrome analyzed: Carbon, 0.26; manganese, 0.51; nickel, 1.26; 
and chromium, 0.59 per cent. The chrome-molybdenum steel analyzed: 
Carbon, 0.22; manganese, 0.43; nickel, 0.0; chromium, 0.59; and molyb 
denum, 0.35 per cent. 


The tensile test on an 8-inch test piece 3-32-inch thick showed: 


Klasticity Ultimate Elongation Reduction 
limit, strength in 8 in area 
pounds pounds inches per cent 

per square per square per cent 
inch inch 

Nickel-chromium.... 112,000 130,000 6.2 30.5 
Chrome-molybdenum. 135,050 146,900 8.4 37.4 


The frames fabricated for a 6-cylinder passenger automobile mad 
up of carbon steel, weighed with the hangers and fittings 225 pounds, 
while made up of molybdenum steel with the hangers and fittings th« 
weight was reduced to 128 pounds. The question is whether the lighter 
frame will have the required stiffness, the same point having arisen in 
the manufacture of a front axle for one of the best known cars when the 
weight of the axle was reduced approximately 25 per cent by the use of 
chrome-molybdenum steel, but the stiffness was so affected that there 
was a constant whip which reduced the life of the tires greatly. 

The last type of steel, MS, with the higher carbon and chrome has 
proved to be successful for use in springs. ‘This is one of the uses where 
the high drawing temperature has a peculiar advantage as it reduces 
the liability of breakage without diminishing in any way the resilient 
properties of the spring. 
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MISCUSSION OF MOLYBDENURY § LiL] 


Nickel-molybdenum steels can contain nickel in all proportions, but 
ie largest tonnages which have been made fall into one of three types 
The NM1 type has 0.20 to 0.30 per cent carbon and the NM2 type con 
ains 0.30 to 0.40 per cent carbon while the nickel j 


50 per cent. The third type contains 2.50 per cent nickel with carbon 
rom 0.25 to 0.35 per cent. 


n both Cases 18 about 


Che use of nickel molybdenum steel was 
the manufacture of light armor for the 
nanufactured these tanks using a heavy manganese steel casting for 
he turret and to protect: the gun. lt was thought that the excessive 
veight of this armor could be reduced by using rolled and pressed 
apes, but the penetrative effect of the German bullet was so great that 
was a difheult problem to insure adequate 
inally results were obtained with armor ranging from 1-4 to 5-8-inch 
thickness that seemed to assure the success of the undertaking but 
ie steel used, a nickel-chrome gave extremely erratic results under the 
allistic test and machined with such difficulty that frequently the 
nanufacturers of safes and vaults with their special tools could not 
uch it. \t this juncture, molybdenum was substituted for the chrome 
the analysis with almost incredible results. With the straight high 
nickel and the nickel-chrome 76 per cent of the plates were accepted after 
assing the ballistic test, which included firing at the plates at a range 
50 yards with the United States armor piercing bullet having a muzzle 
elocity of 2800 feet per second. The addition of 0.50-0.60 per cent 
iolybdenum to the nickel steel resulted in 99.5 per cent 
lates, not to speak of the great saving made by the 
lachining. Before turning to molybdenum 
lates would crack in the straightening process. This loss differed more 
less with the different analyses used, but in no case did it run below 
Vv per cent and it occurred even after a 400 degree Fahr. draw in 
i] When a nickel-molybdenum plate was used, this crackage was 
iminated and it was soon found that +he dispensing with the draw did 
t increase the crackage to any appreciable extent or influence the 
illistic test. lt is unfortunate that none of these tanks 
nt sectors before the armistice, so that the 

ould be determined. 


developed during the war 
baby tanks. Che French 


protection to the crew. 


acceptance ol 
comparative ease of 
a large percentage of the 


reached the 
results of actual service 


However, this case was not the only one of molybdenum used in 
tual war material for it is well known that the Germans made ex- 
ided use of this alloy, particularly in their large gun tubes. where it 
wed a very great resistance to erosion, the bane of the artilleryman. 

. \s for the present day commercial uses 
‘eel it can replace satisfactorily the nic 
‘eels where toughness under Joad is 


of the nickel-molybdenum 
kel steels or the nickel-chrome 
required and where ease of ma 


ining is a vital factor. 
; During the war in the development of the Liberty motors, a nickel- 
2 rome-molybdenum steel was used extensively for crankshafts and 


wed superior results. This type of steel is now known as LM and 
lyzes: Carbon, 0.25-0.35: chrome, 0.70-1.00; nickel, 2.75-3.25 and 
ybdenum from 0.30-0.50 per cent. 

‘he last type is the chrome-vanadium-molybdenum 
le for use as a steel par excellence. 
ome-molybdenum with the 
ch are well known. 





steel which wa, 
It has all the advantages of t! 


tiie 
added qualities conferred by vanadium, 
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Having now covered the types and uses of molybdenum steels, 
might be appropriate to add a word of explanation regarding the cost « 
this steel. A great many users are prone to remarks “What! Use 
steel the alloy in which cost $2.50 a pound!” It is, of course an erron 
ous assumption to judge the cost of a steel by its alloys. It should b 
judged from a basis of performance, production and rejections, an 
viewed from this angle, a steel which costs a cent or two more a poun 
may be far cheaper actually than the steel whose first cost is lowe: 
Molybdenum is not the cure-all of the steel industry. It will n 
make bad steel good. It can be misused and is misused today. The: 
are places for it and there are places where it is distinctly undesirabl: 
and, like everything new, it seems to have been either overenthusiasti 
ally received or else uselessly condemned. Only recently a gentlemia 
stated that he thought molybdenum steel might be the very steel h 
was looking for. When asked what qualities he desired he modest! 
replied that he would be satisfied with an elastic limit of 350,000 
pounds per square inch with an elongation of 20 per cent. And toda 
we received a complaint from a customer who was comparing chrom: 
molybdenum with nickel-chrome and chrome-vanadium steel. His te: 
sile results showed the elastic limit on the molybdenum to be about 
40,000 pounds lower per square inch than on either of the other steel 
Investigation showed that, while both the other steels had been heat 
treated, the chrome-molybdenum was being tested just as it was rolled 


If the buyer of steels would balance one fact with another, selecting 
his material on the broad basis of general fitness, doubtless there would 
be many more uses developed for this type of steel. But even as it is, 
taking instances only from the experience of one company, molybdenum 
has been used for such widely varying purposes as automobile parts, 
aeroplane motor and fuselage parts, section steel for reapers and other 
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agricultural machines, armor plate, battering tools, such as machinist’s a 

hammers, edge tools, such as hatchets and chisels, gears, large and smal eI 

springs of all kinds, shafting for heavy and light machinery, balls for b: I ig 

bearings, shovels, rifle barrels, rivet sets, and many other uses. It was 2 

the first planes to cross the Atlantic and was used to some extent in the k n 

largest land plane ever built in this country. And it will not be long sam 
K€ 


until the preliminary announcement is made of an all-molybdenum auto 
mobile in which, it is said, every stressed part will be of molybdenum 
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SERIES OF ARTICLES IS POSTPONED e a 

As a result of delay in securing illustrations, the series of 10 articles es the 

on the carbonizing process by Theodore G. Selleck, Chicago, and announced * 


to begin with this issue, has been postponed until a later issue of TRANs- 
ACTIONS. “First Principles of the Carbonizing Process—A Consideration of 
the Fundamental Facts and Factors of the Process’ is the title of the first 
article which will appear as soon as the illustrations are secured. Other 
articles in the series will appear from time to time. 
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A RESEARCH IN CASE CARBONIZING 
By G. S. McFarland* 
(A Paper Presented at Philadelphia Convention) 

[his paper compares 5 per cent nickel steel, a carbon steel and a chrome 
wuadium steel when used for case carbonizing. The steels used for the 
csts had analyses as follow: The carbon steel contained 0.22 C., 0.50 Mn., 
.01 P., and 0.03 per cent S. The chrome vanadium steel contained 0.19 C., 
57 Mn., 0.008 P., 0.025 S., 0.74 Cr., and 0.16 per cent Va. The nickel 
eel contained 0.18 C., 0.51 Mn., 0.01 P., 0.02 S., and 0.49 per cent Ni. 

The procedure was as follows: A bar of each analysis of steel was 
down tc 5-&8-inch diameter and nickel at suitable intervals to 
facilitate breaking after being hardened. For the packing the compound 
nown as Ajax case hardening compound was used. The pieces were 
This was placed in a furnace 
nd slowly raised to a temperature of 1650 degrees Fahr., kept there for a 


period of 3 hours, and allowed to cool in the furnace over night, being opened 


he following morning. 
The specimens were studied, physically and microscopically in three con 
(1) As they were when taken from the case carbonizing opera- 
) after being heated to 1425 degrees Fahr, and quenched; and (3) 
after being heated to 1800 degrees Fahr., and quenched then reheated to 
1425 degrees Fahr. and quenched. In each case the specimens were polished 
ind etched for microscopic examination and for photographing. The 
accompanying illustrations are in eight series numbered to VIII, Figs. 1-24, 
nd each series contains three microphotographs, one each of carbon, chrome 
anadium and nickel steel. All the photographs in any one series are from 
specimens that have had identical heat treatment. The photographs of 
Series I, Fig. 1-3, are magnifications of 60 diameters; those of Series II, 
lig. 4-6, 100 diameters; while all the remainder are 600 diameters. 
Let us first consider the specimens in Condition 1, that is, as they 
me from the furnace. The photographs of Series I, Fig. 3, are of the 
samples etched with a dilute solution of nitric acid in alcohol. These were 
taken to show the depth to which the carbon has penetrated. It will be 
seen that there is little difference in the three steels. Series II, Figs. 4-6, 
ows the specimens after being etched. with a solution of sodium picrate 
hich colors the carbide or iron, cementite, black. In the carbon steel, Fig. 
it will be seen that the excessive cementite is in the form of a coarse net- 
irk, while in the chrome vanadium steel, Fig. 5, the network is fine. In 
the nickel steel, Fig. 6, we find something different, the nickel unites with 
¢-cementite to form a complex double carbide, of iron, about which little 
known. Series III, Figs. 7-9, is the same as Series II, but magnified 600 
mes. Here the differences noted before have become more marked. 


) 


Series IV, Figs. 10-12, shows photographs of the cores of the 
uples as they come from the furnace. The sames were etched wit 
ite solution of nitric acid in alcohol. In the case of the carbon steel 


10, we find large crystals of well developed pearlite in the laminated 
\dition occurring as islands in a matrix of ferrite, in other words, nearly 
re iron. In the case of the chrome vanadium steel, Fig. 11, we still find 

islands of pearlite in a matrix of ferrite, but here the pearlite is not so 


“Metallurgist, Jeffrey Mfg. Co., Columbus, O. 
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SERIES I SERIES II 


Fig. 1—Carbon Steel x 60 Fig. 4—Carbon Steel x 100 


Fig. 2—Chrome Vanadium Steel x 60 Fig. 5—Chrome Vanadium Steel x 


Steel x 60 Fig. 6—Nickel Steel x 100 
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ell developed; also the pearlite particles are smaller and greater in number. 
his will be pointed out as an advantage a little later. In the nickel steel, 
‘ig. 12, we find that the structure is much finer than in the preceding two 
tcels and is all broken up. It seems to be a mixture of lamellar pearlite, 
ranular pearlite and ferrite. 

The following results show brinell and shore hardness of the steels in 
mdition 1, as they were taken from the furnace. 


Specimen Brinell Shore 
Carbon 99 18 
Chrome Vanadium 121 21 
Nickel 174 23 


Let us now consider the steels in Condition 2, that is, hardened at 1425 
egrees Fahr. Samples of each of the steels were clamped together in 2 
rame-to insure identical treatment, put into a small gas furnace and slowly 
ised to 1425 degrees Fahr., soaked at that temperature a few minutes, and 
renched in an abundance of cold water. 


We will first consider the condition of the metal in the cores, taking 
em in the usual order. Series V, Figs. 13-15. In the carbon steel, Fig. 
we see that each island of pearlite has been converted into martensite 
surrounded by a border of a darker material, which is troostite. The cooling 
is not sudden enough to remain all the martensite in the original form, thus 
irt of it decomposed into troostite and was retained as such. We see the fer- 
te matrix the same as in the specimen that had not been treated. The reason 
e matrix of ferrite and the pearlite of the original steel did not dissoive in 
ne another, and when quenched give a uniform structure throughout, is that 
e highest critical point of this steel hes in the neighborhood of 1700 de- 
erees Fahr. and until that temperature was reached a complete solution 
uld not take place. In the chrome vanadium steel, Fig. 14, we see some 
iat the same result as in the carbon steel. The islands of pearlite have 
en converted into martensite surrounded by a matrix of ferrite, but here 
have no troostite precipitated. In the original steel, the particles of 
irlite being smaller and of greater number than in the carbon steel, we 
ould expect to find a closer and stronger looking steel after being quenched 
in was the case with the carbon steel, and indeed such is the case. 

It is with the case of the nickel steel, Fig. 15, however, that we see tix 
ost striking result. Here the particles of pearlite and the ferrite matrix 
ve completely dissolved in one another, and upon quenching a fine grained 
ucture consisting wholly of martensite, has been retained. 

To one not familiar with metallography, the results of Condition 2 
ulated below will present the physical properties in a striking manner. 


Specimen Brinell Shore 
Carbon 235 29-30 
. Chrome Vanadium 262 36 
f 5 Nickel 402 50-52 


Let us now consider one of the cases after having received the above 
itment, namely, quenching from 1425 degrees Fahr. and illustrated by 
ries VI, Figs. 16-18. In the carbon steel, Fig. 16, we have a good marten- 

structure, but shot through with a coarse network and needles of exces- 

cementite which, of course, form places of weakness. In the chrome 
dium steel, Fig. 17, we have a-still finer martensitic structure than the 
ding. Here the excess cementite is in the form of a fine network com- 
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pletely breaking up the mass. In the nickel steel, Fig. 18, we have a fine mai 


























tensitic structure throughout with no excess cementite, probably due to th ie: — 
fact that the complex double carbide of carbon nickel and iron referred t 
above is completely retained in solution. It will be seen from the illustratio: 
that the structure is homogeneous throughout with no planes of weaknes 
such as are contained in the other two steels. ; 
As the brinell test is not satisfactory on case hardened articles, only th E 
shore hardness for this case is given. ki 
Specimen Shore a 
Carbon 80-84 Be 
Chrome Vanadium 85-89 ‘: 
Nickel 70 id 
In the above we see that the nickel core has dropped behind tne oth e 
two. By experiment this was shown to be due to too high a hardenin; Fs 
temperature. A temperature of 1325 degrees Fahr. and quenched gave E 
sults comparable to the other two, shore 85-87. 
We now come to Condition 3, in which the specimens were first heate 
to 1825 degrees Fahr. and quenched in cold water; then reheated to 1425 d 
grees Fahr. and quenched in cold water. 
Let us first consider the condition of the metal in the cores, as show: 
by Series VII, Figs. 19-21. In the carbon steel, Fig. 19, we find that a pa 
tial solution of the martensite, troostite and ferrite has taken place, but th 
structure is far from perfect and leaves much to be desired. However, it 
perhaps as good a structure as is usually obtained in regular working co e 
ditions with a like grade of low carbon steel. We find that the chrom if 
vanadium steel, Fig. 20, is a great improvement over the carbon steel, there iy 
being but few particles not in solution, the structure for the most part being 3 
finely martensitic. In the nickel steel, Fig. 21, everything is in solution as 
before and the structure is martensitic, but of a coarser texture than that 
the steel having received but the single treatment. 
The shore tests of this case are as follows: Fs 
. Specimen Shore ce 
Carbon 32 ‘a 
Chrome Vanadium 38 Ls 
Nickel 48 s 7 





While a comparison to those steels in Condition 2 show that there is 
slight increase 1n hardness for the carbon and chrome vanadium steels, whil. 
there is a corresponding decrease in that of the nickel steel. The brin 
tests for these samples are not given owing to the fact that the samples ar 
too small to make the tests of value. 

In comparing the cases of these steels as last treated, Series VIII, Fig; 
22-24, we find that the excessive cementite in the carbon and chrome vati 
dium steels, Figs. 22 and 23 respectively, the structure has been cwarsenc:! 
somewhat. The shore tests are as follows: 












Specimen Shore 
Carbon 80-83 
Chrome Vanadium 80-83 
Nickel 80 






The double treatment as applied to these steels increases the use! 
properties of the carbon and chrome vanadium steels by toughening th: 
cores, and decreases from those of the nickel steel by weakening its co! 
The hardness of the cases are about the same in all cases. 
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SERIES SERIES IV 


Fig. 8—Chrome Vanadium Steel x 11—Chrome Vanadium Steel x 600 


Fig. 9—Nickel Steel x 600 ig. 12—Nickel Steel x 600 
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SERIES V SERIES 


Fig. 13—Carbon Steel x 600 16—Carbon Steel x 600 


Fig. 14—Chrome Vanadium Steel x 600 Fig. 17—Chrome Vanadium Steel 


Fig. 15—Nickel Steel x 600 “ig. 18—Nickel Steel x 600 
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[ think it will be seen that for ease of working, that is a single heat 
\ument, and for its higher physical properties, the nickel steel is superior 
the other two. 

[he steels in this Pesearch have been treated alike throughout at purely 
jitrary temperatures, and there is no doubt that the physical properties 
tained could be improved upon by a research on any particular steel, 
ding out its separate needs and peculiarities as regards the packing ma- 
rial, the length of time of the carbonizing, and the temperature or tempera- 
res to which it is heated before quenching. 


DISCUSSION OF MR. McFARLAND’S PAPER 


MR. HOLBING: I would like to know whether those physical 
yperties obtained are not rather high. They are rather unusual, par- 
| ularly to obtain 70,000 pounds per square inch elastic limit from case 
: rdening of a straight carbon steel. 
MR. McFARLAND: Those steels after experimenting are found to 
practically the ideal condition. They are a little better than the 
‘ommercial. 





MR. HOLBING: It is not possible in some of the carburized cases. 
MR. McFARLAND: I have ground those off sufficiently. I think 
this 5 per cent nickel steel is a remarkable steel. Along with my physical 
tests on those I have carried on a cold bend test. I have taken all these 
teels, first quenched at 1100, 1200, 1300, 1500, and on up to 1800 degrees, 
fahr. pulled them and obtained a decided difference in the physical proper- 
ties by watching this cold bend test. The specimen I have standardized 
upon for this test is about 6 inches long and 34-inch in diameter and after 
treating, carbonizing, and putting through the regular process, I grind 
the case off and then with a bending device which I have devised have 
pplied it under an Olsen or a Reilly test, so all specimens get the bend test. 
MR. HOLBING: Could I ask what was the. carbon content of 
it. steel ? 
MR. McFARLAND: 0.22 per cent. I got these fairly close together ; 
a carbon 0.22 per cent, chrome vanadium 0.19 per cent, and the nickel steel 
0.18 per cent, so there is only 3 or 4 pounds difference in them. 
MR. HOLBING: It occurred to me that the chrome vanadium and 
nickel steels were rather high too; 70,000 pounds per square inch was 
beyond the bounds of heat treated 0.20 carbon steel. 
MR. McFARLAND: I will agree with you that commercially we 
iid not get quite as high test as that. ; 
MR. HOLBING: We have had some elegant steels, but we have 
er been able to get anything like that. 
MEMBER: Do I understand the gentleman to say he can not get 
/V.000 pounds per square inch on that steel? 
MR. HOLBING: Yes. 
MEMBER: I have obtained 90,000 pounds per square inch. 
DR. HARTZELL: Mr. Lane of the York Mfg. Co. requested me to 
a question for him. He asked me the same question and I could not 
er it. The point is not directly bearing on your paper, but indirectly 
but is this: Is it possible to select a steel commercially with some 
tional alloy or alloys which may be cased, air quenched, and be hard? 
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SERIES VII SERIES VIII 


Carbon Steel x 600 Fig. 22—Carbon Steel x 600 


Fig. 20—Chrome Vanadium Steel x 600 Fig. 23—Chrome Vanadium Steel x 


Fig. 21—Nickel Steel x 600 24—-Nickel Steel x 600 




















s | 


ont 


nd 


+ 
Q)\\V 


et 








iT) 
Ail 


Can 










hy 


btained about a 9 per cent nickel steel with a O 


exceedingly high elastic limit and great ductility, 


plan 









MR. McFARLAND: Yes. 

DR. HARTZELL: Mr. Lane would like to have you explain 

MR. McFARLAND: I have been experimenting with nickel steels 
igh as 9 and 10 per cent, and from tests that | have made we have 
15 to 0.20 per cent carbon 


ent which air hardens. When you put a scleroscope on that, it will 


\ 


show only a hardness of about 30 or 35 feet that is hardly a machine tool 


as far as the work that I have done upon it is concerned, it is almost 


upossible to commercially anneal that so it can be machined. 


MR. HARPER: I would like to inquire of the speaker if the nickel 


steel which, after quenching, gave a lower brinell hardness than the straight 
irbon steel would show an increase in hardness after a draw at a relatively 


temperature ? 
MR. McFARLAND: I have not determined that. 
MR. HARPER: I wondered if it would also show an increase in 


ardness after drawing. 


MR. McFARLAND: You mean quenching at a temperature of 1325 


to 1350 degrees Fahr.? It will on the case, but the structure of the core 
is really below the recalescent point of the steel itself, and you would not 


the physical properties of the core. 
MR. HARPER: It occurred to me there might be an increase in 


irdness there. 


MR. McFARLAND: I have some interesting figures on the physical 


il 


properties of these 5 per cent nickel steels quenched at different tempera 
ture 


Ss in conjunction with the cold bend test that might be interesting to 


me. I will be glad to show those to anybody who would like to see them. 


believe a great deal can be obtained by means of this cald bend test. 


connection with the working along of the physical properties much 
be determined. You get a point in there where you can get an 
shown by the bend test. 
MR. STRENGER: I would like to ask if you can give us an ex- 
ation of just why copper plating prevents carburization? 

MR. McFARLAND: I cannot. 

CHAIRMAN: Maybe somebody here would like 


ike to ask the question 
it does not at times. (Laughter). 
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A NOTE ON DOUBLE PREHEATING HIGH SPEED TOOLS For 
HARDENING 


By A. E. MacFarland* 
(A Paper Presented at Philadelphia Convention) 
A few years ago my friend and associate, Arthur G. Henry, called m 
attention to double preheating high speed tools before subjecting then 
to the high temperature of the hardening furnace. Since that tim 
a rather comprehensive study has been made of various methods 


hardening high speed steel, which has brought out strong points 
favor of double preheating. 


() 


i] 


The practice of hardemng high speed steel tools using a doubk 
preheating treatment has been outlined in several unpublished addresse 
and papers by the author somewhat as follows: 

Three furnaces are used for the hardening operation, being main 
tained at respective temperatures of 950-1000 degrees Fahr.; 1500 
1600 degrees Fahr. and 2300-2375 degrees Fahr. After the tools ar 
finished, machined and annealed to relieve all strain, they are place 
in furnace No. 1 on suitable jigs to raise them from the hearth o: 
the furnace and to enable them to heat more uniformly. This furnace ma 
be loaded to capacity and is used as a stock furnace to supply furnac 


No. 2. 


Furnace No. 2 is the second preheating furnace operating at approximatel 
1525 degrees Fahr. The tools on their jigs are transferred from furnac: 
No. 1 to furnace No. 2, allowing them to remain subjected to a temperatur: 
of 1525 degrees for a period of time sufficient to thoroughly and 


evenly saturate the tool being hardened. Care should be taken not 
to leave tools for too long a period of time in the second furnace and 
for this reason it is not advisable to have more than three good size 
tools in this furnace at one time. 

Furnace No. 3 is the regular high temperature hardening furnace aim 
is supplied with tools from the second furnace. The tools are allowed 
to remain in the high temperature furnace operating at about 2325 degree: 
Fahr. for a predetermined suitable length of time, which has _ bee 
found to impart the most desirable properties to the tool. Tools a: 
quenched from this furnace usually in oil and subsequently draw 
to 1050 degrees Fahr. in either lead pot, saltpeter pot, or electn 
furnace. 

The practice briefly outlined above constitutes what large manufacture 
of small tools have found to give best results in hardening high spee 
tools. Before going into the reasons and advantages to be derived fron 
the double preheating operation, a short discussion of decarbonization 
probably advisable. ERE 

Decarbonization is the reverse of carbonization. When a piece of ste 
is carbonized it is packed in a _ suitable mixture, which, upon being 
heated. transfers carbon from the mixture to the surface of the ste 
Decarbonization, on the other hand, consists in extracting the carbo 
from the surface of the steel being treated, and is manifested by a soft su: 
face laver of metal which will not harden due to the absence of carbo! 
Decarbonized surfaces can usually be detected by a file after hardenin; 


*Metallurgical engineer, Vanadium Alloys Steel Co., Latrobe, Pa. 
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inspection of the fractured surface, or by microscope examination 


) 


‘one of these tests are infallible although usually adequate for in 
ection purposes. The best test for decarbonization consists in analyzing 

chips removed from consecutive layers of the steel 0.005 of an inch 
ck. These chips from the separate layers can easily be analyzed 


r carbon and any differenes noted in the surface 


t 
| 


carbon content 
hat of the body of the steel. 
Decarbonization causes considerable trouble to the tool hardener and 
order to prevent the same it is necessary to inquire into the basic 
iuse Of the phenomena. Decarbonized surfaces are caused by scale, there 
re, it 1s advisable that. all tools exhibit surfaces entirely free from scale 
efore hardening. This is not so necessary in the case of tool bits, 
roughing tools, which are ground to shape after being hardened 
s decarbonized surfaces are easily removed by the emery wheel. — In 
e case of circular forming cutters, hobbs and intricate milling cutters, 
is very necessary as the grinding allowances on these tools are usually 
mall and a decarbonized surface absolutely ruins the tool for cutting 
urposes. If the formation of scale can be eliminated or reduced to 
ninimum the danger of decarbodnization of surface is lessened. 
Reducing atmospheres in furnaces tend to reduce the tendency toward 


al 


caling, but when steel is once scaled, a reducing atmosphere is more apt 
produce decarbonization of surface than an oxidizing atmosphere. On the 
‘e of it, this statement seems almost contradictory, but its truth will be 
alized when one considers the chemistry involved. Scale as scale will not 
<tract carbon from the surface of the steel in an oxidizing atmosphere, 
owever, when a reducing atmosphere is maintained the scale is reduced 
from iron oxide to metallic iron and the atmosphere of the furnace works 

connection with the stéel just under the scale, which gives up part 
f its carbon to reduce the scale to the iron. In this way a decarbonized 
urface is formed and is proportional to the nature of the scale, the 


uantity of the scale, and the temperature of the furnace. Steel does 
not scale rapidly until it has attained a temperature of about 1200 de- 
rees Fahr. Therefore, it can be heated safely for relatively long periods 


f time at a temperature between 950 and 1100 degrees Fahr. without 
image due to scaling. 


(his is one of the very important advantages double preheating has 
ipon a single preheating operation prior to hardening. Placing a cold tool in 
ie preheating furnace at a temperature of 1525 degrees Fahr. subjects 
he tool to a scaling temperature under ordinary furnace conditions and 
he outside of the tool will exhibit a relatively heavy scale before it is up 
\ the required temperature. On the other hand, if a tool is preheated to 
050 degrees Fahr. before being placed in the 1525 degrees Fahr. furnace, 
will require a correspondingly shorter time to come to a temperature 
ith a corresponding decrease in the amount of the scale form. 

Double preheating also increases the production of the tool hardening 
n inasmuch as it cuts down the time necessary for preheating. 

It is well recognized that heavy masses of high speed steel in the form 
' tools require exceptional care in heating. Jf heated too rapidly’ these 
ols will develop strains which cause them to crack. Double _ pre- 
iting, therefore, decreases the tendecy for large tools to crack in the 
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hardening process as it provides a method of more gradually heatin; 
them before subjecting them to the high temperature of hardening. 

In outlining this method it is not desired to convey the impression tha 
good results cannot be obtained by the single preheating treatment 
common usage as there is too much of the personal element involved i: 
the hardening of high speed steel to set down hard and fixed rules t 
apply to every plant and each individual. Neither is it desired to conve 
the impression that high speed steel is especially complicated in its treat 
ment. It should be emphasized, however, that the more care and atten 
tion given to the gradual heating of high speed steel tools before hardening 
the better will be the performance of the tools in actual use. 

The author is personally acquainted with several cases in large size too! 
rooms producing tools in quantity where double preheating has spelled th 
difference between failure and _ success. 


DISCUSSION OF MR. MacFARLAND’S PAPER 


MR. REARDEN: Why do we get an apparent increase in decarbon 
ization from the furnaces equipped with the one pipe system than we d 
from furnaces equipped with the two? 

MR. MACFARLAND: You mean burners? Well, the question o: 
furnace design, of course, enters into the decarbonization quite extensively) 
as the atmosphere of the furnace is more or less determined by its design. 
[ am not exactly familiar with what you mean by the two-burner or th 
one-burner type of furnace. I am satisfied in my own mind that a furnac< 
can be designed for a satisfactory hardening of high speed steel with just 
one burner, but it is a question of whether the tools are subjected to a 
blast of hot furnace gases or whether they are protected rather well from 
hot furnace gases. I think that more important in considering decarbon 
ization. 

MR. REARDEN: My own experience is, that taking the one pipe 
with practically no control, you cannot get what I call a drier heat. That 
is my notion. You are getting more decarbonization than you would with 
the drier flame, as I put it myself. 

MR. STAGG: I regret very much that Prof. Henry Howe is not 
here. In Professor Howe’s absence, and having been one of his students 
some time ago, I want to say soniething which I know Professor Howe 
would say were he here. I am quite sure that Professor Howe when he 
thinks of the effect of the removal of carbon from the outside would char 
acterize that effect as decarburization rather than decarbonization. Or, 
the reverse, as carburization and not carbonization. That word I hear 
misused wherever I go, and I am trying to bring it out so we will all talk 1 
the same terms and talk correctly. There is also one question I would 
like to ask Mr. MacFarland. He mentioned conditions for the productioi 
and the prevention of decarburization. I wonder if he has done any work 
along gas analyses which will give us some information as to the actual 
analyses of gases, either from an oil, gas or coal furnace which will be ideal 
for the prevention, and which will be ideal for the formation, of decar 
burized surfaces. 

MR. MACFARLAND: I have done nothing along those lines. 
have not gone into the thing quite so extensively as that, Mr. Stagg 
Have you done any work along those lines? 

MR. STAGG: Not enough so that I would want to say anythin: 


about it here. (Laughter). 















=) 
> 











HARDENING HAMMER 





DIE BLOCKS 309 





MR. SMITH: With reference to Mr. Rearden’s statement about 
le one pipe system as against the two pipe system, you can get equal 
esults, well, rather,l won’t say you can equal results, but you will find, 
believe, that you can get better results, with the one pipe system than 
ou can with the two, because you will eliminate the mixtures of air and 
vas. Take the mixture of air and gas out of the operator’s hands, and 
nce you set your mixtures correctly, getting you flue gas correct by the 
inalysis of the flue gas, seeing that you get no free oxygen and no free 
arbon monoxide, your flue gas will always remains the same. From 

. experiments of the Surface Combustion Co., I believe absolutely no free 
. xygen and no carbon monoxide gas in your furnace atmosphere is the 

ideal condition. 

MR. MACFARLAND: I feel sure, Mr. Johnson, that you have some- 
thing to say about decarbonization. 

MR. JOHNSON: Mr. Chairman, as Mr. McFarland says, the steel 
heating furnace having a truly reducing atmosphere would cause decarbon- 
ization and scale on the steel when you put it in. The scale instead of 
coming away clings more tightly and absorbs carbon from the surface of 
the metal, whereas if the temperature is oxidizing to a certain extent the 
scale instead of clinging to the steel falls away, because of the formations 
underneath. As to the atmosphere of the furnace, one has to consider that 
carbon dioxide there will cause decorbonizations. I made some experiments 
some years ago along these lines and one has to be careful how they 
shut the air away for if he shuts the air away he stands a good chance of 
having some soft spots and decarbonization. 

Of course, everybody knows it is not a good thing for a sharp oxidizing 
flame to impinge directly on the surface of the metal. But we have to 
cuard against conditions approaching reducing conditions just as much. 
(hat is one reason a hardening furnace using carbon resistor face is rather a 
risky furnace to use in those high temperatures. Then I have often 
wondered about the matter of sweating tubes, whether. that is not often a 
source of trouble—when it is necessary to go so far as to cause sweating 
on the tubes. I think that has its bearing. Give it a little more time 

nn such extreme heats. 




































HARDENING HAMMER DIE BLOCKS 
By R. B. Kerr* 


(A Paper Presented by Title at Philadelphia Convention) 


Since the introduction of the modern drop forging hammer, the prob- 
lem of producing and successfully heat treating large dies to get the 
maximum of service with a minimum of loss, has engaged the attention 
£ steelmakers and steel treaters alike. 

Early in the game it was found that the percentage of loss from 


a hardening from various causes was heavy. Flaws or pipes in the 
EB interior of the blocks resulting from improper casting or forging; steel 
| too high or irregular carbon content; and more especially inadequate 
tempering room equipment, are among the chief causes of failure. The 


infortunate hardener too often is made the goat for the sins, mostly of 
mission, of both the steelmaker and the shop foreman. 













*Foreman, heat treating department, 


John Deere Harvester Works, East 
foline, Ill. 
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To get around possible loss in heat treating, various kinds of allo 
and socalled heat-resisting steels have been tried, with more or les: 


success. Now it is generally conceded, however, that a good soun 
steel of medium carbon content, when properly hardened, gives the best 
all round service. lhe methods suggested herewith for accomplishing 


this have been in successful use by the writer for a number of years an 
are offered not with any idea that they are perfection or the only wa) 
but with the hope that they may be helptul. 

While die blocks can be heated successfully in either coke or oi! 
furnaces or even in the smith’s forge, a gas heated furnace of the ove 
type is by far the most convenient and satisfactory for this work. 

Coke makes a nice clear fire of fairly simple regulation, and wit! 
a skillful heater in charge, good results can be obtained. An objectior 
to its use is the frequent presence of impurities, particularly sulphur. 

When heating dies the considerable air pressure required to bur 
fuel oil, makes necessary the most extreme care to prevent scaling o1 
surface decarburization in the parts to be treated. The turnace, ther: 
fore, should be of the mutfle type, the heating chamber completely in 
closed, or if this is not available, the die should for protection be packe 
face down in a gas tight box of suitable size half filled with charcoal 
and the whole thing heated up. If the piece to be heated is of consid 
erable size, the packing box sNould be made with hinged ends which fol 
down out of the way so that the die can be lifted out readily by gral 


hooks or a sling. This “safety first” method entails some extra work 
and inconvenience, but the results justify it. Personally, the write: 
can testify through considerable experience that it is better to go t 


some extra trouble to assure success, than to have an opportunity late: 
on to frame up excuses that will pass when asked to explain “how 
happened.” 

It might be said in passing that this method of pack hardening 
excellent for heating dies and tools of nearly all descriptions. ‘The parts 
come out of the packing box uniformly heated with a surface perfect] 
free from scale and in the best possible condition for hardening. = Th: 
process is an old and successful way of heating steel. It deserves to bx 
more widely known and practiced. 

Whatever the type of furnace used or the means employed the al! 
important thing is to get a good heat on the die; a thorough slow soak 
ing, uniform heat, for upon that depends to a great extent the succes: 
or failure of the operation. Particularly for the benefit of the younge: 
steel treaters it may be said that thorough careful heating, mor 
especially when handling comparatively large blocks of steel, is most 
essential. It is the author’s opinion, based on a long and varied ex 
perience in hardening steel, that more dies and tools are ruined }b 
careless heating than from all other causes combined. 

For heating, a gas-fired, oven furnace of ample capacity should |} 
used as being most convenient and suitable for the job. If the over 
is already hot so much the better, if not, bring it up pretty well befor: 
putting in the work. Dies of any description should not be put into 
cold furnace. Nothing is gained in time, and besides some chances 0! 
surface decarburization are offered with a rapid rising heat. 

Place the die in the furnace face down, unless the nature of the im 
pressions makes this impossible ; in which event it is good practice t 
protect the surface from possible gases by laying a closely fitting piece o! 











isbestos or sheet steel on top while heating. \s another precaution, 
the die is of considerable size and the impressions are deep or irregu 
lar, it 1s well to bring it up to a dull red heat, about 1300 degrees Fahr 


nd let it partly cool off in the furnace before taking the hardening heat 
Heat slowly and regularly. The time required of course will vary 
proportion to the heating area of the furnace and the size and shape 
the piece to be treated. Usually three to five hours are required tor 
lrop forging dies of average size. The most important point is, as 
lready mentioned, to get uniform heat throughout the piece. One ot 
he most valuable assets a steel treater can have is the ability to judge 


sense correctly when a large block of steel is heated properly through 
\While a pyvrometer or other reliable heat measuring device is 
iluable aid and guide, it is not everything, neither can it indicate what 
s going on inside tl 


> 


1e mass, and the writer has learned from experienc: 
at outward appearances in steel die blocks, as in many other materials, 


re often times deceptive. ‘The average grade of hammer die steel will 
irden nicely at around 1450 degrees Fahr. and the heat always should 
e held stationary for at least 15 minutes before removing the die fron 
he fire 


The quenching tank should be of ample size and the water supply 
rranged so that it can be forced upward against the face of the die with 
nsiderable force and volume, using an overflow pipe of sufficient size to 
take it away. In most cases clean fresh water is all that is necessary, 
ut if extreme hardness is required or if the water is soft or muddy, 
iver water as an example, the addition of a little salt will sharpen it 

this is done, a loose woven sack filled with salt and suspended in the 
nk, will be found most convenient. Pla 
yp of the tank, arranged. at sufficient depth so that the impressions on 
he face of the die will be well covered with water when the die is laid 


} 


ce a resting rack across the 


it. On flat surfaced dies or on dies in which the impressions are 
allow, a depth of from 1 to 1% inches is about right. 

When all is ready get the piece out of the fire. lf there are any 
ingerous looking corners or sharp projections that do not need to be 
ard, partly cool them off with a water jet or piece af water soaked waste 

to prevent chipping. ~ Place the die on the resting rack face down and 
turn on the water. If the piece is wide or flat, prevent warping or 


rowning by keeping the back slightly cooled off; just enough water 
ndnomore. Run _ the hand over the face frequently to find how itis cooling off. 


q Never let a die cool off entirely in the water. Whenever the face 1s 
; enough to prevent the temper from drawing, get it out as quick as 
; ssible and lower it into the oil tank. Keep the die moving or agitate 

e oil. 

The temper should be drawn slightly on all hammer dies, both to re 

ve strains and to give them resiliency or spring, as well as for better 
F earing qualities, and the drawing should be begun immediately; even 
: fore the die is quite cooled off. If there is an oil tempering furnace at hand 
q rge enough, get the piece into it. Raise the temperature to around 400 
i grees Fahr. and hold it there for an hour or so. lf for any reason 

is method cannot be used, swab the die with light machine oil and place 


furnace partly cooled off. Leave it there until the oil begins to flash, 
n remove and allow it to cool off in the air. 

\ die should never cool off entirely in the water. When a mass of 
| at the hardening temperature is plunged into cold water, the grains 
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in its outer surface immediately become set and rigid. A certain amount 
of contraction and shrinkage also takes place, partly because of the chang: 
from high to a low temperature and also because of the hardening of th 
metal. The amount of this shrinkage is in exact proportion to the sur 
face area of the mass being treated; the greater the area the more th: 
shrinkage. If this change took place all the way through there would b: 
no trouble; but it does not. In the first place, the interior of the piec 
cools off much more slowly than the outside and secondly, the setting 
of the grains due to hardening extend in a depth of from only 4 to 
inch at the most. This suddenly chilled outer layer is consequently be 
ing forced against the softer mass inside with an enormous pressure, cau: 
ing distortion and strains which become more marked as the ptece coo! 
off. When the temperature recedes to a certain stage, governed part! 
by the temperature of the quenching water and the air, a violent actio 
takes place. This is the danger point. The friction created by the mole 
cules striving to adjust themselves to the new conditions generates hea 
inside; heat means expansion, and unless this condition is offset prompt 
ly by heat applied to the outside to relieve the strains, the die, particula 
ly if a large one, has about an even chance of bursting open. \Vhethe: 
it does or does not, the strains are there and are just as lable to manif 
themselves in service later on as they are to appear immediately aft 
hardening. 

\llowing the dies to remain, in the water too long and failure 
draw the temper promptly after hardening is responsible for considerab 
reakage. This is partly due to the lack of proper equipment, and als 
to the fact that the principles involved are not so generally underst 
as they might be even among steel hardeners. This heat generation 
friction, or as some might call it, molecular reaction inside of a body 
steel, is no pet theory, but the author has noted its effects during mat 
years of close observation and practice in the heat treating of steel. Fun 
thermore, he believes it will be found in line with the natural laws govet 
ing cooling bodies. Be that as it may, the writer has found this meth 
of hardening dies a success and can recommend it to steel treaters wl 
are having trouble. 


BLAST FURNACES AND THE MAKING OF PIG IRON 
By Arvid Anderson* 


(A Paper Presented Before the Hartford Chapter) 


In producing steel from iron ore the manufacture of pig iron is tl 
most important intermediate step. In late years a number of men, for ¢: 
ample, Yates, Chenots, Ellerhousen, Broling-Lang, Cassett, Siemens, Bla 
and a few others have tried to manufacture steel directly from the ore, b 
these attempts have not met with any success and at present are only 
historical value. 


The only practical method of manufacturing pig iron is by the bla 
furnace; no man can really claim the honor of being the inventor of t 
blast furnace, for as far back as the history of iron and steel goes t 
manufacturer and furnaces in which Se charged layers of fuel and ir 
ore. The product of the first furnaces was only a sponge-like lump of mo 
or less pure iron and a large percentage of iron went into the slag. 


*Pratt & Whitney Co., Hartford, Conn. 
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At the beginning of the fourteenth century an agreement was made 


between the Ituropean nations that a prisoner of war could be exchanged 
for another, or that the prisoner could be bought free. This brougitt 


( 


ibout a labor shortage and the iron manufacturers had to look to some 


her source for power to drive the bellows of the furnaces. \s a result 


their minds turned to the water wheel. 


furnaces. Thus, soon all furnaces as far as possible were changed over to 
rroduce molten iron. Where the first blast furnaces were really built is 


By installing the water wheels the bellows could be made larger and 
more even pressure on the blast was obtained, which produced partly mel 


d iron. The producers at first worried about this molten iron, noticing 
at the initial product was less and very hard and steel like, though 
ifter the refining process the final product was larger than by the old type 


A 
i 


il] source ot argument, but so far as known the first furnace was but 
Sweden the early part of the fifteenth century, though Professor Beck 


I 


laims that the first blast furnace was really built in Germany in the middle 


the fifteenth century. In a deed dated 1431 the King of Sweden gave 
one of his generals all the income from a certain blast furnace Che 
rst furnace constructed after drawings was built in Sweden in 1573 and 
ouly 10 feet in height. 

\t the beginning of the sixteenth century this method of manufactu: 
iron was used only in Sweden, the western part of Germany and the 


istern part of France. When the blast furnace first came to Belgium 
ll unknown although after Carl of Burgund lost in battle im 1496, he 
ive orders to his soldiers to destroy all blast furnaces In France thi 
thod became general after Carl XI called in men from Germany to 
uild furnaces. The first blast furnace in England was also built bv Ge: 
ins 10 1540 for the manufacture of guns and ammunition. In the United 
tates the first furnaces seem to have been built in the early part of 1700 
Blast furnaces can be divided into two classes, charcoal and coke 
irnaces. The charcoal furnace is little used in the United States. Of 
bout 465 furnaces operating in this country a year ago, only 40 wet 
iarcoal fired, and in 1916 there was produced in this country about 39,000,- 
tons of coke pig iron as compared with only 370,000 tons of charcoal 


ig iron, this showing that charcoal blast furnaces are of little interest to 
he people of the United States. 


The modern blast furnace consists of a tall cylindrical stack lined with 
acid fire brick and built on a very deep and solid foundation of stone 


nd fire brick. The American type of furnace ranges from 80 to 100 


feet in height. The stock or furnace proper which is usually round con- 


sts of three divisions. At the bottom is the hearth or crucible, cylindrical 
Nn shape and about 8 feet deep ; above it is the bosh. about 12 5 feet higl 


> 


, 
vhose diameter flares out from that of the hearth about 16 to 22 feet 
aking it the largest inside diameter of the furnace at any point. From the 
yp of the bosh the walls converge gradually to the throat which is_ the 
ery top of the furnace. The entire furnace is usually inclosed in a steel 
cket and up to a certain point by cooling plates of bronze or other metal 
rough which water circulates. Water is also sometimes allowed to flow 
own the outside of the furnace. The section above the bosh is supported 

a mantle and column. 

Through the lining of the furnace, just at the top of the hearth, ex- 
ud the tuyeres, 8 to 16 pipes having an internal diameter of 4 to 7 inches 
rough which hot air is blown to burn the coke and furnish the heat for the 
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smelting operation. The tuyere notches or openings through which the tu 
ere pipes enter and 


the tuyeres themselves are surrounded by hollow bron: 
rings in which cold 
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water 1s flowing to prevent them from melting on the 








The number of 








~s A A 


tuyeres and their size depend on the diameter of 





bosh and the volume and pressure of the blast. 
the etfect of 


be small enous 





the blast ca 
the side of 


1 reach the center. 
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and 30 to 40 inches below the level of 














is the cinder notch which is protected by < 


water-cooled castit 
lt is closed by forcing an iron plug into it around which the slag cools an 
The slag must not be allowed to rise above t! 











closes up the opening. 











hearth or crucible 1S iron tap hole 





level of t! 


from which all the liquid conte: 
This is a large hole in the brick wo1 

















and is closed by ramming in several lumps of clay. 





furnace is near the tuyeres and a few fe 
above them and at this point the most water for cooling is needed 

















prevent the brick work from melting. 





The brick work also is protected « 
the inside by a thin layer of deposited carbon caused by the effect of 1 








These conditions are du 
to the excess coke producing a deposit of finely divided carbon which 


strong reducing conditions present in the furnace. 











turn is covered by a cinder slag which sticks to it. 


combination 





effective in protecting the internal brick work. 





At the top of the furnace and just above the throat is the chargi 





arrangement consisting usually 


below and 
smaller one above, each fitting in a hopper and so arranged that only on 














Various devices 
distribution 1s 


can be lowered at a time to prevent the escape of gas. 
distribute y 1 
important factor in prolonging the life of the lining of the furnace, the tn 
required for melting and the quality of the iron. 

















The materials used in making pi; 





fuel and _ fi 


The ore is kept in huge piles in a yard and is handled by a large trave 
The cranes load the ore into bins from which it 1s run into sma! 
hopperbottom cars called larries, which are supported on scales for weig! 











These larries dump the ore into buckets or skips which are hots 











C¢ 


to the top of the furnace up an inclined track and dumped automaticall 
on the upper bell or into a hopper. The flux is handled in the same w 
while the coke is measured in cubic feet, the contents of a skip representu 











a definite weight. This method is known as skip charging. 








The old wa 


was to weigh the materials in wheelbarrows which were raised to the 
of the furnace by an elevator and dumped around the bell by hand. ¢ 








complete charge of ore,coke and flux is called a round. 
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Gas generated is taken off at the top of the furnace through one 
more openings connected with a large pipe called the downcomer pipe 
which leads to a large chamber on the ground, known as the dust catche: 











In this device most of the dust which consists of a mixture of 
coke together with a little flux is deposited. 





fine ore al 


Here the direction of the ga 
\s a rule no water is employed but if part of the gas 
to be used in gas engines, it must be purified by being lead through 





is also changed. 











chamber, 





Over 








The heating value of the 


moisten¢ 


gas, however, is low—85 to 100 B. t. 
is is necessary to heat the blast and the re: 








Only about one-third of the 
may be used for power. 











Lhe top ol the furnace often is provided with a number Of counter- 
] 
4 


roht “| | F -e le _ } , 1) ] a srhich 1) 9111 ryt4-- 11 t --] \ 
PTile GOOTS, Calle expi0sion GOOTs, WHICHh pmell AULOMIATICALLY LO Tele 
CXCeSSIVE Lds pressure. In SsOIMme Cases, nowever, LIWeS€ CGOOTS al 


tted and the top so designed as to have sufficient strength to withstand 


explosion. A door which can be opened from the ground to relieve 
s pressure is called a bleeder. In early practice the gas was wed to 
ape into the air and burn, being led away from the charging hole by 
chimney in order to protect the workmen at the top of the furnac 


(he air blast used in blast furnace operation is heated 
‘ough stoves. These stoves are cylindrical in form, 
consist of a steel or iron shell lined with fire bricks which form 
ver of flues or passages. Depending upon the number and the arrange- 

of the flues, they are known as _ two-pass, three-pass stoves, ete 


| 

ey are regenerative in principle, gas being introduced and burned at the 

om, the products of combustion going out at the top. When a stove 

hot, the blast is forced through in the opposite direction, the two Opera 
occurring alternately. A large furnace generally has four stoves, 


of which are being heated by gas at one time, while the fourth is heat- 
the blast. 


\n ther operation on the blast is drying it. Lhis 1s accomplished by 


i i 
sing it over pipes in which brine at a temperature of about 32 degrees 
is circulating, the moisture being deposited on the pipes as ice. [The 
ting and drying of the blast are two of the most notable strides im 
incement in blast furnace practice. 

he hot biast increases the temperature near tuyeres and localizes the 
bustion, thereby requiring less air. The upper part of the furnace 1s 
down fuel 
ie yield of the furnace. Drying of the blast 
vents 100 to 500 gallons of water from entering the furnace per hour 


Lt 


ler and the gases carry off less escaping heat, thus cutting 
. 


nsumption and increasing tl 


results in considerable increase in efficiency and fuel economy. 
The blast is driven into the furnace by immense blowing engines similar 
compressors but much larger. These engines run up as high as 2500 
rsepower each and are capable of compressing 
of air per minute at a pressure of 15 to 30 pounds per square inen. 
requires about 4 to 5 tons, approximately 100,000 cubic feet, of air per 
of iron produced. Alternate layers of fuel, flux and ore fill the 
nace down to the top of the smelting zone, the location of which depends 


10 50.( { } ) TO 65,000 cubic 


1 
,) 
«a 


the volume and pressure of the blast, size of furnace, ete. The fusion 
smelting zone extends usually, however, from the level of the tuyeres to 


w feet above them or about to the top ot the bosh It takes about 15 
rs for the material to descend from the top of the furnace to the bosh. 
ing this descent the material is held up by the uprushing column of 
eases, the friction of the load on the walls and by the loose column of 
which extends through the smelting zone to the bottom of the furnace 
alone of all the material resists melting in the iritense heat of the zone 


Che blast entering the furnace through the tuveres consists of 23 
; cent by weight of oxygen and 7/7 per cent by weight of nitrogen. The 
: ogen is chemically inactive and does nothing except to absorb heat in 






in the smelting zone and some ot it below the tuvyeres to produce a 


n 
smelting zone and lose it at higher levels. The oxygen attacks all the 
ee: 
» of 3000 


volume of carbon monoxide gas (CQO) and a_ temperature 
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degrees Fahr. or more. The hot CO and nitrogen pass up between 
particles of solid matter, to which they give up the greater part of their he 
although the CO also reacts chemically with the iron ore. 

At the top of the furnace the following reactions take place betwe 
and the gases: 
Fe,O0,+8CO=/7CO,+4Fe+C 
Fe,O,+CO==2FeC+ Fe,0,+CO, 


the ore 

Ca). 

(2) 2 

[his action continues with increasing rapidity as the material becony 
hotter. The carbon formed in the first reaction deposits like lampbla 
on the OTe, The carbon dioxide Las (CC ).,) Opposes those two reactions 
follows: 

(3) Fe+CO,—FeO+CO 

(4) C+CO,=2CO 

The third reaction begins at 575 degrees Fahr. which is at a_ poi 
only three or four feet below the top level of the stock and the fourth begi 
at 1000 degrees Iahr., or 20 feet below the stock line. The latter is so rap 
that the deposition of carbon ceases at 1100 degrees Fahr. All the wa 
down the ore is constantly losing oxygen to the gases. Above 1100 degre 
Kahr. FeO is stable but practically all of the Fe2O, has been reduced. 

3Fe,0,+ CO=2Fe,0,+CO, 
») Fe,O,+-CO—3FeO+CO, 

The deposited carbon has also helped to reduce the oxide of iron. 

(7) Fe,O,+-3C—2Fe+3CO 

At 1300 degrees ahr. the solid carbon begins to reduce the resista 
FeQ. 

(8) FeO+C=—Fe+CO 

Practically all the iron is reduced to a spongy metallic form by 
time the temperature of 1475 degrees Fahr. is reached. This is about 4 
feet from the top stock line and less than 30 feet above the tuyeres. 
this heat the flux is beginning to be decomposed by the heat, and 
the oxide CaO comes to the smelting zone. The foregoing equations s 
the general reactions that occur. 

[In the first 15 to 20 feet of stock the oxides of tron’ Fe,O,+ Fe, 


)] 
1 
I 


i) 


are converted to FeO by CO gas forming CO, gas, which is in tui 
partly reduced by metallic iron and carbon, as shown by reactions 1, 3 and 

From 20 to 35 feet below the stock line is the region of FeO bei 
converted into metallic iron sponge by the carbon and CO, and the flu 
losing its CO,. From 35 feet down to the smelting one is the region « 
metallic iron. The spongy iron absorbs carbon which lowers its melti 
point. 

Upon reaching the smelting zone the iron melts and trickles down oy 
the column of coke from which it completes its saturation with carbo! 
Here the flux unites with the coke ash and the impurities in the 1 
ore to form a fusible slag which also trickles down and collects in t! 
hearth. 

During this transit the different impurities are reduced by the carb 
and the extent of this reduction determines the characteristics of the p 
iron, since all the reduced elements are dissolved by the metal and t! 
oxides by the slag. Only one exception is noted. Iron dissolves its ow 
sulphide, FeS, and also manganese sulphide, MnS, to a lesser extent. 

A large amount of silicon always ts present in the coke ash and son 
«f it is reduced. 
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(A) Si0O,+2C=S14+2CO 

The extent of this reaction will depend on the length of time the troa 
requires to drop through the smelting zone, the amount of carbon tending 
to reduce it and the ability of the slag to take up silicon. A slag with a 
high melting point will trickle down sluggishly through the smelting zone 
causing the iron to do the same and thus allowing it to absorb considerable 
silicon. A higher heat in the smelting zone promotes the reduction of silt 
con and this can be controlled by the blast. By increasing the amount ot 
coke in the stock, more chance for the reduction of silicon is given through 
the presence of the excess reducing agents and the excess heat. 

Sulphur enters the furnace with the fuel in the form of sulphide o 
iron (FeS) and iron pyrites (FeS,). FeS will dissolve in the iron unless 
converted to sulphide of calcium CaS by the flux. 

(9) FeS+CaO+C—CaS-+ kFe+ CoO. 

The CaS passes into the slag. 

From the above equation, it is evident that excess reducing agent 
ind high temperature which give silicon products low sulphur. In all 
cases it is true that iron high in silicon probably will be low in sulphur. The 
iron that runs especially hot in the blast furnace is high silicon and low 


sulphur. 
Manganese is reduced by the 
(10) MnO,+2C—Mn+2CO. 
The amount of manganese in the iron depends mostly on the amount 


follow Ing ( quation : 









in the ore, but a highly acid slag will carry some of it away. Phosphorus 
n the iron is directly proportional to the amount in the ore. 

The chemical influence of the blast furnace is a strongly reducing one, 
vhich is necessary to reduce the iron from the ore, to get rid of the sul- 
nhur and to saturate the iron with carbon. Processes have been tried in 
vhich the reducing influence was not as strong but the sulphur in_ that 
case is not removed, and this is one of the most objectionable of all the 


mpurities liable to be contained in iron. » The high carbon in the tron makes 








it melt ata lower heat than purer metal and thus makes it easier to work 
with and handle. 

Slag being of lower specific gravity floats on the bath of molten iron, 
ind accumulates until it nearly reaches the tuyeres. The cinder notch ts then 


opened by withdrawing the iron plug and piercing the skull of chilled cinder 
with an iron bar, and the slag drawn off to the level of the notch. This 















done three tines between each tap, about five hours intervening be 
tween taps. 
The slag flows down an iron runner and into an iron ladle car, which 
drawn away by a locomotive and the slag poured out on the slag dump. 
[he amount of slag varies from one-half to two tons per ton of iron, 


lepending on the purity of the charge. 
After the last removal of slag, the tap hole or 


1 
i 


ron notch is opened 


by drilling with a heavy pointed bar. Out of the notch flows 100 to 150 
tons of liquid pig iron, which carries about 30 tons of slag with it. A 
skimmer is situated about 15 feet from the furnace and is an iron and 


refractory plate extending almost to the bottom of the iron runner. ‘This 
deflects the slag into a runner of its own and it is carried away to the 
slag ladle. The heavier pig iron flows under the skimmer and 1s carried 
away to brick lined ladles mounted on cars if it is going to the steel 
works, or is poured into iron molds at the | 
run into sand molds. 






yg casting machine or is 
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NOTE A—Price $309 eacl All booths 10 x 20 wee Rental price of Nos. 1-16 inclusive includes 
irtificial gas and air from 1%-pound compressor. E acl 1 has a 2-inch connection from a 4-inch line 
approximately in the center of the booth. For the exhibitor desiring to furnish his own compressor, 
ilternating current at 220-volts, 3-phase, 60-cycle will be furnished in place of air. All connections are 


made by the exhibitor. No extra charge for gas, air or current 
NOTE B—Price $300 each. Alf booths 10 x 20 feet. Rental price of Nos. 17-23 and 31-36 inc'u 
ve, includes power stubs in each. Current available is alternating, 220-volts, 3-phase, 60-cycle. All 
} 


nections are made by the exhibitor. No extra charge for current. 
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NOTE C—Price $210 each. All booths 10 x 20 feet. Rental pri f Nos. 24 ind 37 usive 
ludes stubs for lighting circuit at 110-volts, 3-phase, 60-cvcle, alternating current r power for small 

rs not over 1l-horsepower, alternating current, 2-wire, 220-volts, single-phase, | cvecl All 

s made by the exhibitor. No extra charge for current. 

NOTE D Price $200 each. All bocths are 10 x 20 feet. All booths in the cent l sectio1 neluded 
th the rectangle surrounded by the triple line are in the “Sunken Garden,”’ 2 | } he | 1 


e surrounding floor space No current is available for exhibits 
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Several types of pig molding machines are used but the most commo: 
consists of a long series of metallic pans, carried on an endless chain. 


[he iron is poured through a spout into the molds as they travel unde: 
the ladle. The iron chills quickly in the molds and when at the end of th 
machine, the solid pig is dropped into a car as the chain passes over a drum 
[he pig iron is now in a convenient form for transporting or storing. Th 
molds travel back to the spout upside down and are sprayed with lim 


on their way back to prevent the molten iron from sticking. This method 
ot casting 1s easier on labor and gives cleaner pigs, no sand being stuck 


> 


to them. 
The sand method still is used at some places and some toundry me: 


prefer sand cast metal since they can tell by the fracture what grade of 


casting it will make. In this method, the cast house extends in front « 
the furnace and its floor consists of silica sand, in which impressions ar 


made to receive the liquid iron. The main runner extends down the middle 
of the floor and either side is used alternately for casting. From the main 
runner the iron flows into secondary runners forming sows which feed th 


molds of pigs. After cooling the pigs are broken from the sows and bot 
are taken away. 


The blast furnace is by no means a perfect machine and numerous 


1 


difficulties are apt to arise. The chief of these is localized chilling of 
semimolten charge. This most often happens in the upper part of the smell! 


ing zone where a pasty mass attaches itself to the walls of the furnace 
This hinders the descent of the charge and also deflects the gases to othe: 


parts of the furnace. Such a scaffold as it is called is lable eventually 
stop up the whole furnace. It is often removed by shutting off the blast a1 


allowing it to fall of its own weight, but sometimes it is necessary to cu 


a hole in the furnace and burn it out with a blow pipe. With fine or 
the seaffolds or hangings are most liable to occur and sometimes result 
slips which cause explosions. 

Sometimes material freezes over the mouths of the tuyeres and mu 
be broken or burned away. Also the metal may freeze in the lower part 
+} 
necessary to drill a new hole. These difficulties all affect the quality 
the product more or less. 

The method of calculating the blast charge is interesting and importa! 


but we have not the time to go so far into detail. Electric furnaces fo 
smelting ore to pig iron are being experimented upon extensively an 


there are a good many in operation in the Scandinavian countries. 


the hearth and make it impossible to open the iron tap hole. It is the 
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FATIGUE BREAKDOWN IN AUTOMOBILE STEELS 
By John Miller* 


(A Paper Presented Before Buffalo Chapter ) 


One of the most troublesome problems with which the 
engineer has to deal is that of localized stress. Some one 


automobile 
has said that 
the Lord gave us shafts, but the Devil put the keyways in them. Key 
ways, splines and other sudden and sometimes unavoidable reductions of 
sections May cause, in service localized stress from which fatigue fractures 
often result. The crystal grains at these points are deformed or moved more 
than elsewhere and if the stresses are intermittent or repeated, the to 


and fro movement gradually loosens the crystals and a slow or creeping 


crack travels through the section. This action in soft steels has been 
studied by different investigators using the microscope. It formerly was 
thought that the metal crystallized but this is not so. The crystals are 


there to begin with and the repeated loads destroy their cohesion. 

There are certain steels and heat treatments which are specially suit- 
able for resisting certain degrees and kinds of repeated stresses. Localized 
stress can also be reduced by proper design, such as_ providing large 
hllets and absorbing shock by allowing flexure on the member or a con 
necting one. 

The metallurigist and engineer working together are finding more 


1 


efficient methods for the utilization of heat treated steels and aluminum 


alloys. The writer believes that in a few years, we will be building 
cars of one-half the present weight and carrying the same useful load 
with more all round comfort and convenience. In building lighter cars 


we will need to take more care with the heat treatment of the parts 
and we will require more information about their fatigue resisting 
properties. 

The engineers most valuable guide in designing parts, is past ex 
perience. Mathematical calculations help a great deal but it is sometimes 
lifficult, if not impossible, to estimate correctly the stresses which many 
omplicated sections on an automobile have to withstand. 

lhe strength of heat treated steel depends on its resistance to per 


manent deformation and on its resistance to complete fracture, after 
deformation, has begun, or in simple terms, on its hardness and tough- 
ness. These two properties are very usefully indicated by two simple 
tests, the brinell test and the notched impact test. 

The elastic limit is a figure used by engineers in their calculations and 
is a good test for resistance to permanent deformation, but it is difficult 
to determine accurately. The brinell test, when properly applied on 
heat treated steel, bears a close relation to the apparent elastic limit. 
From the reduction of area and elongation in the tensile test, we get 
some idea of the toughness of the steel, but the notched impact in com- 
bination with a brinell test is much more useful. It can detect  brittle- 
ness, where the other tests do not. Sometimes, however, all the different 
physical, chemical, thermal and microscope tests are none too many. 

Resistance to deformation or hardness, appears to be the most 1m- 
portant property to have in steels for resisting fatigue breakdown im 
automobiles. Unfortunately, great hardness is usually associated with 


*Metallurgist, Pierce Arrow Motor Car Co., Buffalo. 
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lack of toughness, a certain amount of which latter is necessary. In 
very hard piece of steel not case hardened there sometimes appe: 


to be very high internal stresses and if put into a machine in 


++ 


condition, these stresses added to those received in operation might so 


ul 














result in failure. To remedy this, we draw or temper the harden 
steel This reduces the internal stress and gives it toughness, but 
also reduces the hardness. How much toughness we should have is tl 


cause for argument. Really it requires careful judgement and an intimat 


knowledge of the work the piece is expecied to do, the properties 
steel and the methods to be used in manufacturing the piece. 

The writer has been experimenting with a Stanton fatigue testing 
chine, as shown in Fig. 1 
which he has formed from -results obtained in actual vractice. 


n 
, and the results, appear to confirm opinion 


This machine uses a test piece ™%-inch in diameter, 6% inches lot 
It Las a groove of 0.05-inch, turned centrally between the two points 
support. The latter are 4% inches apart. The repeated stress 
obtained by a hammer weighing 5’2 pounds. This is raised to a select 


height and allowed to fall on the test piece, striking it in the middl 


first on one side, then the test piece is rotated half a revolution and it 


a blow on the opposite side. This gives an alternating and_localiz 
stress at the bottom of the groove which has a small radius. The r 


is 100 blows per minute and when the specimen breaks, an automatic swit 


stops the machine. A counter registers the number of blows. 


fracture looks very similar to the fatigue fractures seen.on a_ brok 


steering knuckle spindle. On the same material, fairly uniform results 
obtained. The machine is quite useful for comparing the fatigue 
sisting properties of different metals and heat treatments. 


a 4% 


The correct method for making fatigue tests is to take the same material a: 


1 


run three or four tests using a different intensity of stress in each 











Fig. 1—A View of the Stanton Fatigue Testing Mach ne 
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2 (At the left) Shows the Fatigue Fracture of a Splined Steel Shait 
Fig. 3 (At the right) Shows a Photograph of the Fati 


t 
Fracture of a Steel Steering 





7 1 
Knuckle 








curve is plotted, stress against number of blows, the 
wn clearly. In the Stanton machine, a different stress can be obtained 
using any fall up to 3.5 inches. On steels, useful results are obtained 
a short time, from 10 minutes, to 1 or 
using a 2-inch fall. 


behavior can be 


2 hours according to strength, 


~ 







\ piece of soft untreated steel, as example 0.20 per cent carbor 
stock, Y-inch diameter, will break after about 1500 blows. If quenched 
water from 1650 degrees Fahr., it will stand 3000 blows. \ plece 
3 per cent nickel steel, 0,20 per cent carbon, inch diameter cold 
led, brinell 207, withstood 3500 blows. <A piece from the same bar 
is quenched from 1500 degrees Fahr., in oil, brinell tested 387 and 
ithstood 11,328 blows before it broke. 


lt is unusual for heat treated alloy steel to withstand much more 
an 10,000 blows with the 2-inch fall. Most of the different alloy 
steels properly heat treated in different sizes from » to 2% inches 
ickness with a brinell hardness of from 248 to 302 give Stanton tests 
m 6000 to 8000. When treated to 302-418 brinell, 


SO00 to 12,000. 
\s the hardness increases above about 400 brinell or about 65 
roscope, the steel does not stand up so well under the same height 

blow. Most alloy steels, with 0.30-0.50 per cent carbon, 


; hardened to 
bout 500 brinell, last only about 2000 blows. Plain high carbon. steel 


: Stscw 




















we may get from 














| th this degree of hardness lasts about 500 blows. A _ steel with 
20 per cent carbon and 3.5 per cent nickel quenched in oil from 1500 
lezrees Fahr. and not drawn, brinell 418 withstood 11,000 blows. Using 
uch lighter blows, 0.5-1 inches the harder steels would not show 
h apparently poor results. 


here are some parts of cars and trucks which under severe con 
ns receive shocks resulting in localized stress which must be about 
much as the localized stress of the Stanton test using a l-inch blow: or 

a 2-inch blow. With a l-inch blow, the stress seems to be about 
00 pounds and with a 2-inch blow, about 90,000 pounds 


inch. It is almost impossible to calculate it correctly. 
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stressed parts, alloy steels, nickel chrome or chrome vanadium accor: 
ing to individual preference, quenched and drawn before machinin: 
to a brinell hardness of about 248-302. This is as hard as can be m 
chined economically and it gives a good combination of hardness a: 
toughness. Full floating live axle shafts generally have a longer life und 
hard use if treated after machining to give 302-418 brinell. For th 
hardness on large sections, a fine grade of steel is necessary. If tl 
steel is of poor manufacture, or not heat treated properly, the intern 
pressures arising from quenching may, combined with service stress: 
cause failure. 

Springs are treated to give 375-444 brinell. Oijl tempered transmissi 
gears which must have great hardness to prevent surface fatigue 
deformation, are treated to give 444-532 brinell. 

The writer has examined a great many parts of cars and trucks whi 


have seen hard use and has noted that the ones which have given ¢g 


( 


service, have usually been hard with a good toughness. Parts wh 
have failed by fatigue and where the design is not at fault usually sh 
up soft under the brinell and sometimes they are brittle. Occasiona 
there are flaws in the material. One thing which has impressed | 


is that case hardened parts seldom fail by fatigue. When they do, it 
usually because the hardness or depth of the case is not great enov; 
Sometimes places are left soft in order that they can be straightened 
machined. Slow fracture can then occur comparatively easily. 
writer has. found that case hardening often will greatly increase 
life of a highly stressed part when all other treatments fail. On rivet 
for pneumatic hammers, nickel and nickel chrome steel case harde1 
all over has given good results. On a large steam engine, a mild s 
l-inch bolt locking the connecting rod bearing would fail after running a 
days. <A nickel chrome steel heat treated to 364 brinell lasted al 
a month. <A bolt made of nickel steel and case hardened lasted 2 y« 
Case hardening gives a Iigh elastic limit where most useful to 
outer fibres or crystals and toughness to the core. 


Experiments on the Stanton machine indicate that 3.5 per cent ni 
steel with 0.20 per cent carbon, carbonized 0.04-0.06 inch and quen 
in oil from a temperature high enough to break up the cementite 
work and not drawn, gives results difficult to surpass with any ot! 
steel or treatment, which has been tried. For instance, a 3.5 per 
nickel, 0.20 per cent carbon steel with a 0.06-inch case, quenched f1 
1500 degrees Fahr. in oil, withstood 30,000 blows using a 2-inch fall. | 
a l-inch fall, other conditions the same, it withstood 300,000 blows. The 
result obtained with steels not case hardened with a l-inch fall was | 
about 50,000 blows. The life decreases when the depth of case is 
than about 0.035-inch. It also depends on the hardness and toughness 
the core this should be about 302-418. Drawing or tempering so t 
the case can be filed decreases the life. Using a double quench to ret 
the case also gave lower results. 


1 


The only reference to the fatigue resisting properties of case hard 
steel which the writer has found is that in H. Brearley’s excellent \ 
on “The Case Hardening of Steel,” which says, “One of the main object> 
case hardening is to produce an article with a soft flexible core 





It is usual in the best automobile practice to use for the more high! 
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ll withstand sudden stresses or repeated vibrations, without developing 


icks. 





would seem that very few engineers specify case hardening, unless 
y desire a very hard surface, which has to resist wear and they wish 
avoid the brittleness associated with hardened high carbon | steels 
hen they want a strong material they specify heat treated medium 
bon alloy steel. There are several reasons: for this. First, they 
not know that case hardening has such fatigue resisting properties ; 









nd, the knowledge that the case hardening process, when not properly 
> 

ttleness; third, the risk of getting high carbon steel mixed with 

proper low carbon stock; fourth, the treatment must be done after 

hining. Straightening a case hardened piece which has to withstand 

stresses in use is not advisable; and fifth, case hardening costs 

re than plain heat treating. 


formed, sometimes results in reducing the strength by imparting 







On the. other hand, the value of the 
ess and its success for highly stressed parts like the rear axle 
ing and differential gears, piston pins and vital parts like steering 
pins is widely recognized. 










th improved methods of control we may see, in the future light 
case hardened steering knuckles, axle shafts, bolts and = crankshafts 
hardened all over. For parts like the front axle, case hardening would 


eem suitable. A front axle should be fairly hard but also very tough and 


that if bent in an accident, it could be straightened cold for slight 


> 


or after heating to about 1000 degrees Fahr. for bad bends. Other 
s should be considered in a similar manner. Under loads beyond 
capacit vital parts should be protected by allowing the = shock 


absorbed in a flexible member or by straining one which its 









so costly to replace or repair. 


A PRACTICAL AID TO THE TREATMENT OF STEEL 
By W. R. Ward* 


( & Pape Y Presented by ‘Title al the Philadelphia Convention ) 


Irequently one has a piece of steel from which a tool, jig, fixture or 
e part of a machine is to be made. The composition, grade or making 
he steel may cr may not be known by the one interested in it. If it is a 
of a well known grade of steel—by well known, I mean well known to 
sarticular user—previous experience with it has made him familiar with 
haracteristics. However, if he is not familiar with the steel he has about 
e alternatives to choose from in handling it: To follow instructions 
n hy others who sell or have used the particular steel; to find out in the 
| long way by making objects of it and trying them out in practice; or 
‘sort to a simple test easily performed by a mechanic in a short time. 
test 1 will describe later. 











Steels that are used mainly for well known purposes, frequently possess 
irkable physical qualities making them adaptable to other than the ¢on- 
ional uses for which the grade of steel is supposed to be suitable 





“Mechanical and electrical engineer, Lyells, Va 
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What does it matter if the composition of the steel is not what 
supposed to be, if it will function successfully in the work to which j 
applied. The proof of the pudding is the eating. The proof of the steel js 
the service rendered by it irrespective of composition, name, grade, cost. 

The test alluded to is called the Metcalf test. and is known to most 
you, but probably very little used. The ordinary fracture test of a Piece 
steel can hardly be called a Metcalf test. Many of those fracture tests 


made throughout the steel business. They give only one physical cond 
of the grade of steel at its particular treatment. The fracture may or 
not be the best one the steel could give under the proper treatment. thus 
not a true or fair test. 

In making a test bar 


under a great range of treatments, two should be made as follows: A 
of the steel is forged 54 inch square by 36 inches 
in the center while hot, and broken when cold. 
annealed, and then nicked with a 
sides, and stamped from 1 to 18 
not annealed. 


long, nicked around 
The bars are next prope 
hack saw in inch multiples on oppo: 
The bars are sometimes nicked hot 


The bars then are ready for treatment. 
a hot nicked bar in that it is cheaper to prepare, and gives the fractur, 
the forged steel in the first fracture. 


There is an advantage in u 


1S 


the bars are first preheated by placing one end 
nace raising the temperature to about 1400 
to protrude through the 


in an oven type f 
degrees Fahr., allowing one 

door far enough not to get hotter than 400 to 

degrees Fahr. The hot end of the bar after having been the 
is then placed about 3 inches in a high temperature furnace, such as a 
speed steel treatment furnace, until the end_ begins to “sweat.” It 
run back and forth in the furnace so as to give 
tures from the melting point to the black end. 
more than about 3 inches of the bars at first to enter the high temperat 
is to allow the end pieces to soak, and not to overheat the following 0: 
These pieces, being out side, cool off a little but would readily obtain 
desired tapered heat when moved backward and forward in the intense 

later. 


roughly soak 


Is 
a gradual range of tempe: 
The object of not allow 


‘Jne of the bars so treated is plunged into spring water at about 


degrees Fahr., and another in cotton seed oil at 
/2 degrees Fahr. After cooling. the bars 
fe Gegrees Bahr. After cooling, the bars 
especially the oil quenched one. 


It is hard to get the oil out of 


room temperature, 
preferably should be sand _ blas 
so as to rid them of any dirt, oil and s 
the notches, and the sand blasting does 
as well as any method. If there js any trace of oil, the fracture 


will 
spoiled. 


The bars are then held in a vice, and the inch pieces broken off on 
one beginning with the melted end as they break more easily from that e1 
[f a machinist’s hammer of given weight always is used. a comparison 
test bars can be readily made as far as their physical strength goes by 
relative ease or difficulty met with in breaking the standard length pie 
Vice marks on them, also indicate the relative strength of the pieces 

The pieces should be kept clean, and put in some suitable 
studied later after all-the tests thus have been prepared. 

The objection that the temperatures of each of the 
known may be raised, but this is not necessary for all 


case tO 


se fractures are 
of the pieces. 










of steel whose physical properties are desi, 
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mperature of the best fracture which is just 


; 1 


. above the upper critical 
int is desired, and can be found with a little practice in a few trials 






usmg double length pieces of the same stock treating them in the 


ii 






me quench, but at the assumed temperature of the desired fracture 
your temperature is above or below, it will show up in the fractures. 
Since this is generally the only temperature desired for a given grade 


ss 
] ] 
i 






the steel is forged Y¥ inch square by 36 inches long, nicked around in 
other objects are to be made of the grade of steel on hand. File marks, 
roscope and brinell readings of one end of each piece may prove of in 
est and value. 

lt would be difthcult to find words to describe properly the different 


tures from one end of the bar to the other. beginning at the melted 


~ 










the fractures are very coarse crystalline, and taper down to a very 
se, fine grain, then change abruptly to a tough, fibrous fracture, 
inging not so pronouncedly at this end as at the highly heated end. 
Useful tools have been made by the writer from supposedly inferiot 


ides of open-hearth steel through the treatment aid given by this test 


\ 











good cold chisel that chipped tool steel successfully was made from 
mmon steel rail. 
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PROGRESSIVE FAILURE OR FATIGUE OF METALS UNDER 
REPEATED STRESS 


By H. F. Moore* 


lr a freight car axle is subjected to a heavy overload, the ductility of th: 

of which it is made allows it to bend. The axle is distorted, but actual 
ture of the metal will not take place. Consider now the case when the 
led freight car is running. For every revolution of the wheels there 1s 


every longitudinal fiber of the axle a complete reversal from tension, 








ing action, to compression, crushing action. If failure occurs after 
car has run many thousand miles, the action is entirely different from 
bending action under a single heavy overload. Almost without warning 






car axle snaps short off, and the steel behaves as if it were a brittle 
terial rather than a ductile material. Such sudden failure under repeated 





1 


ing is said to be due to fatigue of metals, and occasionally occurs in 
ing, automobile parts, airplane parts, wire ropes, band-saws, steam and 
engine parts, and other parts of rapidly moving machinery. 
The apparent change in the nature of metal which fails under repeated 
gave rise to the theory that under repeated stress some profound change 
7 . ce - 1 = be . . 1 y . 
place in the very nature of metal, changing ductile metal to brittle. This 
nge was spoken of as crystallization and it was supposed that under re 








ted stress, metal changed its structure from fibrous to crystaline, and as 
ence the sharp crystal appearance in the fracture under repeated stress 
brought forward. 

In the latter vears of the last century, various metallurgists began to 





le miscroscope as a means of studying the internai structure of metal 
their work, especially that of the English metallurgists Ewing, 


) 
YIST .W1Ing Rosen 












paper prepared under the auspices of the Engineering Foundation, th 


nal Research Council, the General Electric Co., Schenectady, N. Y., and the 
ersitvy of Illinois Engineering Experiment Station, Champaign, II 


Professor of engineering materials, University of Illinois, Champaign, Ill., and in 








of joint investigation of fatigue of metals 
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hain, and Humfrey, showed that structure of metals is always crystalline 
either before or after repeated applications of load. They showed that the 
fracture under repeated stress was due to the spread of minute cracks 
called by them slip lines, which extended completely through the crystals o| 
the metal and which, spreading and uniting into larger cracks, acted simila: 
to minute hacksaw cuts, gradually reducing the cross section of a machine 
part until it could no longer carry its load and suddenly snapped off, very 
much as a piece of iron suddenly falls off when cut almost in two by 
power hacksaw. 

The starting point for one of these minute slip lines may well be som: 
point in the metal where a minute flaw exists, either in the shape ot 
a flaw within the metal, or in the shape of a notch or sharp scratch on the 
surface. We think commonly that our mathematical formulas for figuring 
the strength of machine parts are exact, because they involve exact math: 
matical processes; as a matter of fact these formulas neglect thousands 0} 
minute actions which tend to destroy material. For example, they take no 
account of a cutting action where a shaft rests on the edge of a bearing 
Under a single load, these minute actions are of no importance; their effect is 
so localized that no appreciable effect is produced on the deflection of a piec: 
f, however, the loading is repeated thousands or millions of times, then such 
a microscopic cutting action may start a crack, which under repeated stress 
will spread to causing final failure. 

Any sharp discontinuity in metal, due either to a surface defect or t 
an internal flaw, greatly increases the stress in the metal over a microscopi: 
area around it. This fact has been verified both by experiment and } 
mathematical analysis. As an example, it may be cited that the localized 
stress at the edge of a rivet hole may be as high as three times an averag: 
internal stress in the metal of a plate; the stress near the bottom of a sharp 
notch may be five or six times as high as a stress a few hundredths of 
inch away from the notch. At the danger of wearisome repetition it seem 
worth while again to emphasize that these localized. stresses are of Seligible 
account for structural and machine parts subjected to few loadings, but 
may be of the greatest importance in the case of parts subjected to man\ 
thousands of loadings. 

The problem of the designer and the metallurgist is to determine limitin 
conditions so that this progressive failure will not occur. The usual method 
is to make sure that no fiber in any part of a machine member is loaded 
beyond the elastic limit of the material by any load which will come upon it 
The difficulty of applying this rule is twofold. In the first place, the deter 
mination of the true elastic limit of metal is a matter of a great deal of u: 
certainty. Delicate methods of measurement of stretch and careful method: 
of computation give an elastic limit lower, sometimes much lower than the 
value given by the ordinary commercial test. Some doubt exists as to whethe 
actual material is perfectly elastic under any stress, no matter how sma! 
that stress is. Here again it should be noted that a slight inelastic action 
of no account for a structure loaded but a few times. But under load re 
peated many thousands of times any damage due to slight inelastic action 
cumulative and actually may cause final failure. In the second place 
practically is impossible to figure all the small localized stresses in a machin 
member, ‘especially in an irregular shaped machine member. Sharp shoulde: 
or notches may causé localized stresses many times those which would 
given by the ordinary formulas of mechanics. 
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This progressive spread of small cracks is offered as an explanation of 
he occasional failure of springs while under the action of light loads. At 
some time in its history a spring is subjected to a few heavy loads. 


‘hese 
heavy loads start microscopic cracks and are not repeated often enough to 
cause them to spread far. However, these microscopic cracks are in them- 
selves very sharp notches, and cause high localized stress under subsequent 
ight loads with consequent spreading of the cracks and final failure. For a 
machine part subjected to repeated stress it may be necessary to know 
ts history as well as the properties of the material in order to judge of its 
afety. 

At the present time the most satisfactory method to determine the 
ability of material to resist repeated stress is to make acual tests of it under 

great many repetitions. Over a year ago the joint investigation of fatigue 
f metals was organized by the National Research Council under the auspices 
i the Engineering Foundation, University of Illinois Experiment Station, 
ind National Research Council and was given as its main problem, the study 
‘i the behavior of a number of common kinds of steel under repeated stress. 
[ests are carried for several specimens of each kind of steel to one hundred 
million complete reversals of stress. 

The machine used for the greater part of the testing is, in principle, a 
car axle placed upside down. A circular specimen rotates in bearings and is 
riven by a motor; weights are hung on it at two symmetrical points along 
its length. The bearings used are all ball bearing so that friction is reduced 
to a minimum. The suspended weights set up bending in the specimen; 
compression along the top side of the specimen and tension along the bottom. 
\When the specimen rotates 180 degrees, any given longitudinal fiber changes 
irom compression to tension, a complete reversal of stress. A _ revolution 
counter gives the number of, cycles of stress. The machine runs at 1500 
revolutions per minute and operates day and night. <A battery of 15 such 
machines now is in operation. In testing any kind of steel or other metal, 
tests are made on such a machine, using various weights. In this manner 
the number of reversals required to cause rupture is noted. It is found that 
there seems to be a fairly sharp limit of stress below which failure does not 
occur at one hundred million repetitions. Moreover, a curve plotted with 
stress as ordinates and numbers of repetitions for failure abscissas seems 
to be horizontal for this limiting stress. This stress is called the endurance 
limit of the metal, and is considered an index of the ability of the metal to 
resist repeated stress. 

The quantitative statement of factors affecting the fatigue resisting 
strength of a metal cannot be given at this time, but certain qualitative indi- 
cations may be noted. Those fatigue resisting strength of metal depends upon: 
1) Its elastic strength; (2) its ductility; (3) probably the amount of initial 
tress left in it by heat treatment; and (4) its homogeneity of structure. 
‘ossibly still other factors enter. It is evident that high elastic strength would 

nd to increase the fatigue resisting qualities of a metal. The effect of duc- 
ity may be explained by the fact that at a small flaw in a piece of ductile 
iterlal some stretching would be found with a consequent tendency to dis- 
bute the stress over more material than in the case of a brittle material. 
itial stress would, of course, tend to start microflaws when a slight addi- 
nal working stress was given. It might be noted that if an ordinary test- 
machine test is made of a piece of steel containing initial stress, the 
isurement of stretch would be taken over a considerable length of the 
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pecimen and there would be a tendency for the positive and negative init 
tresses present at different parts of the cross section to neutralize each ot! 
and thus to mask the first point of yielding of.the specimen. This neutral: 
ing tendency would not, however, prevent any initial ‘stress from starti1 
a crack when it was reinforced by a slight additional working stress. | 
homogeneity of a material is a source of weakness under repeated stress 
that it permits the stresses to break down, first through the weaker constituen 
ind then through the stronger constituents because of the already start 
microflaws. Here again the ordinary tension test tends to give an averagii 
ineasurement of stretch, masking the first yielding of the weakest constitue 

Probably many cases of fatigue failure of machine parts are blamed 
the material used, when they should have been blamed on the shape of 
piece or on the surface finish. In conclusion, it is desired again to ¢ 
attention to the great danger of starting microflaws at the root of sha 
shoulders, notches, or rough tool marks on a piece. Good surface finish ai 
generous fillets at shoulders are vitally necessary in a design of parts to 
subjected tO repeated stress. 


TRUE ACTION OF CYANIDE IN CASE HARDENING STEEI 
By G. R. Brophy* and S. B. Leiter* 
(A Paper Presented at Philadelphia Convention) 


Cyanide baths are in more or less general use throughout the 
dustries as heating mediums for heat treating steel, but more part 
ularly as a means for obtaining a very hard, superficial case for wea 
ing parts. ‘This hardness has been thought to be due to the absorpti 
of carbon from the cyanogen radical, the nitrogen aiding the penetrati 
of the carbon. Stoughton’ says, “We may also use liquids contain 
carbon, such as potassium cyanide and potassium ferrocyanide. 
would appear that the presence of nitrogen assists in the absorpti 
of carbon by the steel, and for this reason the various animal and veg 
table products mentioned are preferred to charcoal from purer materia 
It is also common in some cases to introduce gases containing nitr 
gen such as ammonia into the receptacle where the cementation 
veing carried on.” MN az, 


As a result of the authors’ studies, it has been found that the 
trogen of cyanogen is responsible for a greater part of the hardeni 
than is the carbon. 


Before going further with the discussion a brief review of the exi: 
ing literature on nitrogen in steel will not be out of place. 

For a bibliography of the important literature you are referr 
to a recent publication by G. F. Comstock and W. E. Ruder®. A if 
of the points pertaining to the present paper will be given. 

A. H. Allen® states that nitrogen is present in all steels and gives 
method for its determination. Nitrogen causes great brittleness in st: 

*Metallurgists, General Electric Co., Research Laboratories, Schenectady, 

1. Stoughton, “Metallurgy of Iron and Steel.” | 

2? G. F. Comstock’ and W. E. Ruder, “Chemical and Metallurgical Engi 
ing,” page 399. ; a 

3. A. H. Allen, Journal Iron and Steel Institute, No. 1, pages 181, 1880 
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y being absorbed during heating to a red heat in an atmosphere ol 
mmonia, and 0.5 per cent causes such brittleness that a bar dropped 
rom 6 feet will break.‘ 

According to G. I. Fowler’, nitrogen exists in steel as Fe,N and 

‘raune states that possibly as Fe.N, 

Good steel was found by Harbord and Twynam® to contain from 
006 to 0.017 per cent nitrogen, crucible steel containing considerably 

H. Braune* found that nitrogen increased strength but: decreased 

uctility ; 0.045 per cent destroyed entirely the ductility of a 50 carbon 
teel; that nitrogen is absorbed in all metallurgical processes, especially 
nder high temperature, basic slag and reducing conditions. He cites 
case where nitrogen produced great brittleness in a hearth-iron made 
om pig iron coming from a blast furnace producing large quantities 0! 
vanide. 

J. H. Andrews* published the effects of nitrogen on the critical 
ints and found that the points are suppressed by heating and cooling 
ammonia and that in the presence of 0.030 per cent nitrogen the 
oints are completely suppressed. 












According to N. Tschischewcke", nitrogen below 0.05 per cent 
ccurs in solid solution and cannot be distinguished metallographically 
then makes its appearance in annealed samples as needles until in the 
eighborhood of 0.20 per cent it appears as pearlitic patches. The brit 

ile film of nitrogenized samples was found to contain 11 per cent of 
nitrogen. 

Until recently it was impossible to distinguish between pearlite and 
ie so-called pearlitic nitride patches, but while examining a sample 
electrically welded steel, which had been etched with Stead’s cupric 
nloride reagent, it was noticed that certain parts of the pearlitic 
itches were blackened, while others remained white. 

The nitride needles were also blackened. ‘This lead to the exam 
ation of many samples which had been treated with ammonia and 
thers which there was reason to believe contained nitrogen in some 
rm. Upon repeated applications of Stead’s reagent, pearlite darkens 
ut does not become black as does the _ nitride. Cementite remains 
nite. 
















When cyanided steels were etched after this manner, it was found 
iat cyanide patches could be distinguished readily from pearlite. ‘Vhis 
ethod of etching has been used in the microscopic study of the samples 
iscussed in this paper. 

Nitride in steel responds to heat treatment very much as does 
irbon!® and the resulting structures may be mistaken easily for carbon 
teel structures. Annealing develops the needles and pearlitic patches 

shown by Fig. 6. Quepching gives a martensitic structure, Fig. 3. 












4. H. N. Warren, Chemical News, Vol. 55, page 155. 
G. I. Fowler, Chemical News, Vol. 68, page 152, 1894. 
Harbord and Twyman, Journal Iron and Steel Institute, No. 2, page 161, 
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. H. Braune, Stahl and Eisen, Vol. 25, page 1195; Review de Metallurgy, 
ge 497, 1905; Jeinkontorets Annales, Vol. 59, page 636. 

8 J. H. Andrews, Carnegie Scholarship Memoirs, Vol. 13, page 236, 1911 
9. N. Tschischewcke, Journal Iron and Steel Institute. No. 2, page 47, 1915 
10. W. E. Ruder, “The Efféct of Nitrogen on Steel,” Chemical and Metal 
gical Engineering, page 399, 1920. 
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Fig. 1—Depth of Penetration x 100 Fig. 2—Depth of Penetration x 10 


Martensite x 25 Le 


Fig. 5—Martensite x 25 ig. 6—Pearlite 
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The case resulting from cyaniding and quenching from the baths 


is Shown at low power in Figs. 1 and 2. Fig. 1 is low carbon steel 


leated 15 minutes in molten cyanide at 800 degrees Cent. and quenched. 
Fig. 2 is the same, but heated 30 minutes. The depth of penetration is 


the same in each case, but the concentration is greater and the diffusion 


etter in Fig. 2. 


Fig. 3 is iron, fired in hydrogen at 1000 degrees Cent. for 12 hours 
to burn out carbon, heated in cyanide 4 hours at 800 degrees cent. and 
quenched in water. ‘The structure is martensitic. 


Fig. 4 is the same as Fig. 3 but etched with Stead’s reagent. Fig. 
5 is the same iron heated one hour, quenched and etched with Stead’s 
reagent. Fig. 6 is the same iron heated 4 times, quenched and then an- 
nealed at 900 degrees Cent., cooled slowly and etched with nitric acid. 
It shows nitride patches and needles. Fig. 7 is the same as Fig. 6 
etched with Stead’s reagent. 


To prove the structures obtained in cyanided steels were nitrogen 
structures, a set of micrographs was kindly loaned by W. E. Ruder. 
These are of electrolytic iron, vacuum fused, nitrogenized by heating 
in an atmosphere of ammonia and variously heat treated. 


Fig. 8 shows the characteristic nitride patches etched with nitric 
iid. These patches are easily mistaken for pearlite, although the 
laminations are not as fully developed. Fig. 9 shows the same patch 
etched with Stead’s reagent, illustrating the differential action of Stead’s 
reagent on nitride and carbon containing constitutents. 


Fig. 10 is ammonia treated for 24 hours at 700 degrees Cent., re 
heated to 800 degrees Cent. and quenched in water. The needles 
have been retained in solid solution by quenching, but nitride appears 
it the grain boundaries somewhat resembling troostite in carbon steel. 


Fig. 11 is electrolytic iron heated in ammonia for 24 hours at 700 
degrees Cent., reheated to 700 degrees Cent. 15 minutes and quenched 
in water, reheated to 700 degrees Cent. and cooled slowly. Note the 
lark case resembling Figs. 1 and 2. The needles are characteristic of an 
nealed nitride steels of lower nitrogen content and appear in the bound 
iries and slip planes of the grain. Ruder’s work indicates that heat 
ing to at least 700 degrees Cent. is necessary to cause the appearance of 
needles. 

Fig. 12 is the same material but quenched from 950 degrees Cent., 
lowed by annealing at 950 degrees Cent. ‘The grain has been con- 
siderably refined and the nitrogen of the case diffused greatly. 

Analyses of the cases of steel rods originally containing 0.04 per 
ent carbon show an average of 0.33 per cent carbon after 4 hours 


heating in cyanide. This carbon content is not sufficient to cause 
the hardness attained by cyanided steel. A quenched 30 carbon is 
readily filed and has a Brinell hardness of about 207. A cyanided wire 


eated to dull redness and cooled slowly is still so hard that it is filed 
vith difficulty, differing in this respect from a carbon steel. ‘Therefore, 
would seem that nitrogen is the hardening agent. 
The brittleness imparted by nitrogen is illustrated by bend testing 
nnealed cyanide wires after removing the case. The untreated ma- 
rial withstands 24 right-angle bends, while the annealed cyanided wires 
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stand but two bends before they snap. The reason for this is seen by 
examining Fig. 13, which shows the structure at the center of an an 
nealed cyanided rod 3/16 inch in diameter. 

The effect of cyanide and nitrogen on higher carbon steel has not 
been definitely determined as yet. However, it is known that nitrogen 
embrittles to a greater extent the higher carbon steels, even though 


refining the grain. .\ 50 carbon steel was heated 4 hours in cyanide, 
quenched and annealed at 850 degrees Cent. and cooled slowly. The 
case was very fine grained, showing a few needles on the interior. Evi- 


dently carbon retards the penetration of nitrogen. 
Conclusions 

Nitrogen has a greater effect in the cementation of steels by liquid 
carburizers than does the carbon. 

Cyaniding greatly embrittles the steel treated and this effect is more 
or less permanent. Ordinary annealing does not restore ductility. There 
fore parts resisting shock, even of small magnitude, should not be so 
treated for best results. 

Solid organic matter, used often in carburizers, may have harmful 
effects. ; 

Cyanide baths, as heating mediums in the best treatment of high 
erade steels and tools will cause brittleness which may decrease the 
life of the steel. 


DISCUSSION OF MR. BROPHY’S AND MISS LEITER’S PAPER 


MR. PATTERSON: I would like to ask Mr. Brophy if you can control 
the nitrogen penetration and keep it from making the core brittle in small 


S¢ ct mS. 





MR. BROPHY: We have not tried to control it. I do not know that 
vou can. Of course, the depth of penetration will depend upon the amount 
of ammonium or nitrogenous compounds present. We have not tried to 
control it any. On %4-inch rods cyanided for twenty minutes we found 
nitrogen needles in the center; carburized in leather we also found needles 
in the center. 

MR. PATTERSON: Is that true of cyanide hardening? 

MR. BROPHY: Yes, we found needles present in the center in micro- 
graph No. 13. 

MR. ROCKWELL: I would like to ask Mr. Brophy about the physical 
properties of the iron nitride. 

MR. BROPHY: It is very brittle. That is about all we know about it 
Nitrogen raises the tensile strength more than the ductility. Perhaps Mr 
Rouder can tell you more about that. 

MR. ROUDER: Due to the difficulty of properly analyzing and getting 

satisfactory analysis of nitrogen it is very difficult to say just what per 
centage has what affect on the steels. Generally speaking, however, the 
higher the carbon content the lower the quality of nitrogen necessary to 
make it very brittle. We have taken for example a very carbonaceous steel 
such as Mr. Brophy showed in the micrograph and nitrogenized it in 
ammonia, which is about’ the quickest way of getting nitrogen into the steel. 
and although as dtictile as iron can be before being nitrogenized will, wher 
we have this needle structure, be so brittle that you can break a ™%4-inch rod 

























DISCUSSION OF MR, BROPHY’'S IND MISS 


1921 LEITER'S PAPEK 





in your hand. According to the literature, | believe the limit for brittleness, 
as ] remember it, given by some of the previous Investigations, have shown 
that about 1-100 of one per cent of nitrogen in a 50 carbon steel, for instance, 
will make it too brittle for safety, and even 5-100 is necessary for making an 
ordinary mild steel brittle. But most of that work is rather indefinite. ‘There 
has been considerable work done by several investigators on the attect of 
nitrogen on steel, but it has been my opinion that most of the metallurgists 
in general have looked upon that more as a theoretical consideration and have 
not given it a very serious thought for every-day work. This work done by 
Mr. Brophy shows that nitrogen is a thing to be dealt with in our every-day 
work and is itself practically, as far as he shows it, the real hardening agent 
in cyaniding processes. 

MR. BROPHY: 1 have a note here from “Browns Discussion of 
Nitrogen.” It says, “Nitrogen increases the strength but decreases the 
ductility .” Nitrogen is absorbed in all metallurgical processes.” 

MR. McCLEARY: I would like to ask Mr. Brophy if there is a seces 
sion of the penetration after a given length of time in the cyanide bath. 
Your statement was that the needles occurred in the center of the piece and 
vet your general understanding in cyaniding has been that the hardening 
effect was not close to the center, in fact, confined to the extreme edge, 
possibly 0.005 or 0.010 of an inch. 


MR. BROPHY: ‘That is true; hardening is caused by nitride in the 
higher concentration of the needles. The concentration necessary to give 
the needle form of nitride will not give a hardening property. 

MR. CLEARY: Have you noticed after a certain length of time in 
the cyanide bath, say a greater time than 15 minutes, that there was an 
apparent softening of the surface itself? In other words, what we have 
called a decarbonizatton ? 

MR. BROPHY: There is a loss of nitrogerm on heating to high tempera 
tures. 


MR. McCLEARY: What I mean is this: that we have heretofore been 
familiar with using 10 to 15 minutes in the cyanide bath at about 1500 de 


grees and quenching in a cooling medium. A longer time than that has 
seemed to give us a decarbonized effect on the surface. The surface in 


stead of being hard was apparently soft. 

MR. BROPHY: Some of my samples shown were heated 4 hours 
in cyanide. In quenching they were still hard. There may have been some 
sort of an effect that we have not noticed. We are not interested immediate- 
ly in the degree of hardness as much as we are in the effect, but the high 
concentration on the case itself, the depth, is not dependent upon the lengt! 
of time heated. 


| 


MR. McCLEARY: Was there any copper plating on any of the pieces 
that were cyanided? I have noticed on copper plated pieces in solid carbon- 
izers the same structure. 

MR. BROPHY: No copper plating on any of those. Most of the 
samples were heated at a high temperature, at 1100 or 1200 degrees Cent. 

MR. PATTERSON: May I ask what the affect of small quantities of 
iickel in the steel would be? We find that one-fourth of one per cent nickel 
n 10 to 14 carbon steel, heated 15 minutes in cyanide at 1600 degrees and 
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Pearlite x 25 §—Nitride Patches x 400 


9—Nitride Patches x 400 Fig. 10—Nitride Patches x 400 


Fig. 11—Nitride Needles x 100 Fig. 12—Nitride Grain x 100 












DISCUSSION OF MR. BROPHY’S AND MISS 


LEITER’S PAPER 337 





bw 


oun 







Nitride 


Grain x 250 





















quenched in oil gives a case so hard it cannot be filed, and yet a shank on 
the tip which is about 0.10 inch in diameter can be bent 90 degrees betore 

will break. It seems to have a very tough core and we believe it is due 
to that nickel. 

MR. BROPHY: Nickel may have some affect. A friend of mine 
carburized the specimens and we found no nitrogen present. We found 
nitrogen in almost all cases, but in this one particular case there was no 
nitrogen present. That may have been due to the fact it was an alloy steel. 


We have not investigated thoroughly an alloy steel. 
MR. PATTERSON: What nickel content? 
MR. BROPHY: ‘That I do not know. 
DR. HARTZELL: I would like to ask the vanadium content, 1f 1 
| contained vanadium, or what affect vanadium would have, if any, in check 
ing the hydrogen penetration in a molten mass. 

MR. BROPHY: I do not believe it would check the penetration. The 
vanadium would have an affinity for it in the solid steel. 1 will say off-hand 
that vanadium, if anything, would take it up faster. 

DR. HARTZELL: Would it actually have any affect 2t all on ihe 
nitrogen in the cold steel? 
MR. BROPHY: The vanadium nitride in the needle is similar to a so 

. alled iron nitride. 

. MEMBER: I would like to ask if in the treatment of smali watch 

x. parts you have found that in quenching them at about 1500 degrees after 

a“ heating with cyanide, they became so brittle that you had to discard the 

. ‘yanide method of hardening? We found that to be the case. From what 

. | have learned in this paper it might be reasonable to suppose it is the 

| nitrogen that has caused that to happen. Would you say that is a fact? 
Che little pawl that causes the watch to tick and the little gears that cause 

he watch to run, in one of the lower priced watches, are all case hardened. 
[hey are made out of soft steel and case hardened. They work for years. 
= When the manufacturers first started their case hardening they started it 

) vith cyanide, but they found they had so much trouble from breakage and 


he little teeth splitting off and little corners breaking on the pawl they had 
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to discard that method entirely. Are we to learn from this paper that th: 
trouble has really been caused by nitrogen and not by carbon? 

MR. BROPHY: I believe that is true. 

MR. BURROUGHS: I would like to ask just what the concrete ev: 
dence is that the needle-like constituent is a high carbon? Would I unde: 
stand that is a conclusion from your paper? 

MR. BROPHY: No, we will call it nitride, because we have to call 
something. It may be a cyanide, but we really do not know. There ar 
evidences both ways. We tried some nitrogen determinations but they wer 
not successful, and therefore when we met with no success there, we wer 
led to believe it may not be a nitride. 













THE APPLICATION OF FURNACE DOOR SCREENS 
By Henry H. Wiegand* 
(A Paper Presented by Title at Philadelphia Convention ) 


To discuss with steel treaters the terrific heat and glare that pours fron 
«i metallurgical furnace or oven, when the door is opened for charging 
or discharging, is needless. Iveryone is familiar with its discomforts, but 
the majority has not been obliged to work close to these opened furnac 
day :n and day out as has the regular furnace attendant. It is for the allevia 
tion of the lot of this man and thus to make his job more attractive and hi 
ontpyt greater, that we will consider furnace screens. 

When the door of a furnace on which the blast has been shut off 
thrown open, the discomfort can be traced to three distinct sources; th 
convection heat, the radiant heat, and the glare. 

The convection heat is due to the escaping of highly heated gases whic 
quickly rise to the roof of the building, and are not so discomforting excep! 
to the man working close to the furnace. The radiant heat shoots out it 
straight lines and its intensity varies approximately inversely to the squar 
of the distance from the source. This radiant heat is the main cause of thx 
discomfort of furnace operators, which coupled with the glare that obeys thi 
same laws, shoots out in a more or less horizontal shaft whose cross sectio' 
is approximately that of the furnace opening. 























Since man first began to employ an intensive fire, he has sought to pro 
tect himself from this heat and glare coming from an incandescent source: 
Although this endeavor has continued through thousands of years, yet it is 
only recently that marked progress has been made. 

In the glass industry the earliest forms of protection were introduced 
These consisted of sheets of iron which were suspended in front of thi 
furnace; carried on the left arm like the shield of the Roman soldier, ©: 
born by a fellow workman, as the pavise of the archers of the Middle Ages 
In the navy a stoker, to avoid punishment by the heat when cleaning fires 
gets one of his fellows to hold a shovel between himself and the fire. All o1 
these devices cut the efficiency of the operating force in half. 

The immense growth of the steel industry with its fiercely heated fur 
naces, caused numberless efforts to be made to diminish the discomfort an 
danger suffered by the operators. 










The most common. form of screen used in this industry is the opaqu: 
sheet of iron which sometimes is fastened a short distance out from th: 











*Vice president, E. J. Codd Co., Baltimore. 













nd consequent fuel. They: also entail extra o 


rease in the moisture in the atmosphere around 
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race opening which it covers. 
bove the hearth is adjustable to suit the size ot the work to be handled 
rough the opening. This sheet iron 


> 


The height oj the bottom of the 


shield 


creen 1S sometimes supported over 
ead by chains or wires attached to either end \ hole sometimes js mac 
these screens for observation and fo) the introduction of tools. The 
vinging screen is said to have been used with advantage in some plants to 
icilitate the unloading into quenching tanks 


These opaque screens ar useful on furnaces 


inipulated while under blast 
\ become red hot : 
e furnace. 


Whose charges must ]y 
. 
i 


but their usefullness is s¢ riously diminished if 


as the hot plate merely relays the heat originating in 
The life of screens subject to live flame js not great 
ud burn out. Sometimes liners are placed on t 
the fire are to prevent the flames 
nd also to minimize renewals. 


» dS These SOOT) Warp 
e side of the screen to ward 
from impinging on the outside plat 


hese screens usually are made of bole 


ite. Perhaps if made of cast iron, they would not sa readily take on 
permanent warp, but they would be more hable to breakage unless mac 
CaVY. 

Recognizing the necessity for Viewing the interioy of the furnaces. as 


ell as protecting the men, a close mesh wire grating similar to a fly screen 
ough made of very much heavier material. was Substituted for the opaque 
eet. This afforded visibility until the interstices 


ecame clogged with dirt 
nd scale but penetrability was absent. 


HA 


lo prevent relaying of the heat brought directly to this 
mtinuous streams of water trequently have been 1 
reen which sometimes js tilted to insure better 


type of screen, 
nade to play Over the 

cont 
heated surface. Such screens are usually made of 


upphed with the stream of water, warp and 


1 


ict of the water with 
boiler steel and unless 
become more or less corru 


ted. The water then flows only in the valleys, 
radiation. Another variety of water-cooled screens consists of a hollow 
of thin sheet iron. Which is fastened on th tront of the furnace. \ 
nall stream of water is ted in at the bottom and passes out through an 
ver flow pipe near the top. The top is open to avoid the danger of ex 
losion through accumulated steam. 


and the ridges become sources 


Screens cooled in this way add an appreciable burden to the factory 


verhead, as they consume an immense quantity of water 


such a large chilled surface ¢o close to the furnace demands more heat 


and the presence 


sears and fittings which require 


> 


lore or less skilled attention. 


Another and serious drawback of the water-cooled screen js the in 


the furnaces due to the 
aporation of the water. Tt js like turning a hot dry day into a hot humid 


ne. As perspiration cannot Cvaporate freely in a wet atmosphere, the 
lies of the men are not cooled in the Way devised by nature and thei 
clency is diminished. 
None of the above forms of shields entirely cover the furnacs opening 
being rigid and inflexible, a portion of the furnace opening must be left 
ree for the entrance of the tools needed to handle the charge and. of 
theient height to permit the charging and th discharging of the largest 
ece treated in the furnace. The main portion of th opening is covered 


the screen, but the lower part continues to emit heat 
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An effort has been made to overcome the discomfort arising from thi 
smaller opening by directing a sheet of air upward across the opening fron 
a pipe perforated with a multitude of small holes. This helps to drive th 
convection heat upward behind the shield but has no effect on the radian 
heat and glare. This adds another complication and additional cost to th 
overhead, for air under pressure is costly, besides it tends to cool the fur 
nace itself. 


A modification of this idea is contained in a furnace lately has bee: 
put on the market. This arrangement blows the sheet of air from above ; 
an angle across the diminished opening onto the hearth, where this ai 
mingles with the escaping convection heat that, by a special device preheat 
the air going to the furnace before it enters the furnace proper. This, lik 
the sheet of air mentioned above does not affect the radiant heat and glare. 

All the appliances heretofore mentioned are solid, opaque, cumbersome, 
and troublesome and while alleviating the trouble, do not serve the purpos 
fully. What was demanded was a door or shield which would permit 
clear unhampered view of the interior of the furnace or oven; would no 
in any way interfere with the free manipulation of the tools required 
handle the charge, yet a door that would keep the heat in and the cold ai: 
out. In other words, a door was required which should at the same tim: 
possess the qualities of opaqueness, transparency, flexibility and penetrability 


The nearest approach to this is the chain screen furnace door recently 


devised. ‘The essential feature of this device is a sheet of chain composed 


of a multitude of freely hanging individual strands of small link steel chai 
suspended close together from a bar in a manner to form a continuous 
sheet or curtain of chain not unlike the familiar Japanese portiere. Thi 
single strands of chain give the penetrability and flexibility, the twisted 
metal composing the chain furnishes the opaqueness and the holes in th 
links of the chain produce the transparent effect. The closeness of the chai 
prevents free flow of the-heat outwards or the cold inwards. 


This curtain of chain hung before the uncovered opening to a furnac 


and resembling a coat of mail, effectively hinders the heat, glare, gases and 


sparks from leaving the furnace and the cold air from entering. Thes 
chain screens cover the entire opening down to the hearth, which the lowe: 
ends of the individual strands of chain just clear. Extended experiments 
made on furnace openings show, that while the radiant heat and glare com 
from all parts of the furnace opening, the convection heat flows out at th 
top and the cold air pours in at the bottom; so to prevent the chilling oi 
the furnace it is necessary to keep closed the bottom as well as the upper 
part of the opening. Therefore, to save the heat and prevent the entrance 01 
cold air, it is necessary to cover the whole opening, the bottom as well as th 
top, and this covering should lie close against the furnace front. 


These chain screens are not to be considered as a substitute for th 
ordinary opaque door but merely as an auxiliary to be employed when thi 
opaque door must be opened, or in those cases where the continuity of th: 
operation compels the elimination of the ordinary opaque door. They do no 
keep all the heat in the furnace nor do they keep all the air out, but the) 
materially decrease the losses. A great deal of the heat coming from th 
interior to the chains is reflected back and the cold air that does filte 
through the chains, keeps the chains relatively cool by robbing them 0! 














their absorbed heat and enters the furnace preheated, thus 
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saving heat that 
would otherwise be lost 

Experiments were made in order to obtain an idea of the effectiveness 
yf this device in avoiding the losses arising from the opening of the 
ypaque door. A thermometer was fixed on a standard at a point opposite 
the closed door and 10 inches distant therefrom, where it registered 110 
degrees Fahr., as the temperature at this point when the ordinary door was 


closed. When this door was thrown open and the incandescent fire bed 


exposed, the thermometer rose to 400 degrees Fahr. On covering the fur- 
nace opening with the chain screen, the temperature at once dropped 265 
degrees to 135 degrees Fahr., and the bare unprotected hand could be held 
inywhere in front of the screened opening without discomfort 


Photometric observations show the light and the glare of the bare fire 
are reduced about 85 per cent on covering the fire with the chain screen. 
Che loosely hanging strands of light chain composing the chain screen with 
ase are parted and pressed aside by the tools or other objects projected into 
the furnace, only to fall together again and automatically close the opening 
when entrance has been effected. 


Furnaces provided with these chain screens are charged, not only by 
thrusting individual pieces through the chains, but ore, fuel, coal and even 
shavings are thrown through the chains from a shovel. It is a common 
thing to see a boiler furnace being charged with fme bituminous coal through 
a chain screen without difficulty. The heat and glare are held back so 
effectively that the operator can work up to within five or six inches of the 
screen and can employ short length tongs and tools. This in itself is a great 
advantage as short tools are much handier and coupled with the cooler con 
ditions at the furnace opening, enable the placing of the machines that are 
to operate on the heated metal close to the heating furnace, thus saving move 
ment of men and metal, and shop space. Where the furnace charge is 
handled by means of tongs, the lower portion of each strand of chain 
often is replaced with light steel tubing. This prevents the chain catching in 
the crotch of the tongs. Where constant visibility is not needed, many 
screens are constructed with nearly the whole strand of tubing, only a short 
length of chain being placed at the top to insure flexibility and ready 
visibility. These tubular screens are impervious, yet retain the flexible and 
penetrable features. 


Some electric furnaces whose contents caused a great evolution of fumes 
and heat have been inclosed with a circular screen of tubes nine feet long, 
each supported by a short length of chain from the edge of the hood that 
led to the stack. The furnace was thus encircled by a closed hood which 
could be freely entered or pierced at any point. 


In factories where several furnaces demanding large screens are grouped 
together in a continuous line and not more than one is opened at a time, one 
or more screens mounted on an overhead track have been made to do duty 
for all. 

Protecting shields, whatever their form have always greatly interested 
the safety engineer and have had his urgent advocacy, as he appreciates the 
ordeal undergone by the man whose duty holds him close to the furnace 
with its scorching heat. Many operators think only of the temporary dis- 
comfort, but effects follow which are ‘slow in disclosing themselves. 
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Lately much attention has been directed to that insidious disease comn 
umnong those whose occupation compels them to gaze at the glare emanat 
from incandescent materials, known to the medical fraternity as “GI 
Blowers’ Cataract.” It is the general opinion that the universal empl 
ment of screens would avoid this affection. 

7 


he same applies LO th eve trouble experienced by those who W 


- 
around electric furnaces, and which is indicated by a violent imflammatior 
the eye ball and a painful sensation similar to sand im the eyes. 

Many manufacturers, aside from the economical advantages to be ther 
gained, actuated by truly humanitarian impulses have endeavored hone 
to alleviate the undesirable conditions about their furnaces and their glow 
products by the liberal use of screens, with the result that the health 
eyesight of thousands now are safe-guarded and the operators stimula 
to increased production. 


ANNEALING AND HEAT TREATING MISCELLANEOUS STEEL 


CASTINGS 
By Charles N. Ring* 


(Presented by Title at Philadelphia Convention ) 





The process of annealing or heat treating steel castings to obt 
correct and satisfactory results properly begins with the metal product 
department. In order to obtain uniform results from the heat treatment 
steel castings for specified classes of work, it is necessary that the 
treater receive uniform material with which to work. Heat treatment 
not give to steel properties which it does not contain, but it does bi 
out or make available properties that are inherent to the steel. 

The province of heat treatment is to bring the steel to such a | 
manent or fixed physical condition that the inherent qualities of the st 
can be utilized to the best advantage for the purpose intended. It theret: 
results as a corollary -that, in order to secure the best results fr 
the heat treatment of steel castings for specified purposes, it is essent 
that the heat treater be furnished with steel that contains in an inher 
form the qualities that are necessary to obtain these results. The | 
treating department and the metal production department should co-opet 
along these lines, and the production department strive to supply the lh 
treating department with metal conforming to specifications decided uy 
as the most desirable to obtain by heat treatment the results desired. 

The first item to be considered by the steel treater ts the chen 
composition of the steel to be treated. The carbon content is naturally 
the greatest importance, as indicating within approximate limits the temp 
ature to which the steel must first be heated to reach the condition 
solid solution and thus secure the finest grain structure of which the 
is capable. Manganese content is also important because of the bearing 


has upon the strength of the steel and upon the ease or difficulty wi 


which the steel will respond to.a given heat treatment. 

Phosphorus and sulphur content must also be taken into considerati 
because of the bearing these two elements have upon the strength 
ductility of the finished product. Where a steel high in ductility is requi 





*Chief Chemist, Ohio Steel Foundry Co., Springfield, O. 























‘use the metal to be weak when at or above a 


rack because of the strains set up during the process of heatin 


ded by this information must be made at 


he work in most foundries 
laced in from three to four classes. 
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is advisable to keep the phosphorus and sulphur content under the limi 
0.05 per cent. The effect of sulphur within the limits ot 0.06 per cent 
probably negligible in the finished product, but when over U.09 per cent 


has a tendency to produce red shortness in the metal, or, in other words, 


red heat. This weakness 
the steel at temperatures above a red heat may cause the casting to 
g OT cooling. 
The effect of sulphur on steel when in the cold state is a much mooted 
iestion, and probably depends to some extent upon the condition in 
ich the sulphur is contained within the steel. The tendency of modern 
inion seems to be, that if sulphur is contained in the form of man 
nese sulphide, it has very little weakening effect upon steel in the cold 
ite, but, if in the form of iron sulphide it has a greater tendency 
weaken. Proper manganese content probably offsets any weakening 
ect of sulphur within reasonable limits. What these limits should 
are at the present time under investigation by the American Society 
Testing Materials, the bureau of standards, the railroads, and _ the 
el manufacturers. When their report is submitted we shall probably 
w more about it than we do at the present time. 
Carbon and manganese content are also 


of prime importance be 
ise of the direct bearing they have on the 


strength and hardness of 


steel. There are numerous charts, formulas and data from which 
proper content of these elements can be calculated to obtain a given 
neth or hardness. These charts, formulas, etc., 


will give approxi 
satisfactory results, experiments 
individual plants unde: 


te figures only, therefore to arrive at 


ividual conditions. 


Under conditions obtaining in a modern steel foundry, where pro 
tion is a factor of prime importance, it would 

ke experiments on each individual heat to demonstrate for which kind 
work that steel is best fitted, or to see what heat treatment would secure 
best results. The method to pursue is to 
rk in the sl 


obviously be impossibie to 


group the different kinds of 
the specifications demanded. 
furnishing miscellaneous 


10p into classes, according to 


castings can be 
Study of these classes separately ; 
strength, hardness and ductility; figure the approximate chemical com 
ition and the heat treatment required to obtain these results 
led by the conclusions, experiment on each class separately 
obtained from certain definite 


and then. 
until results 
certain definite 


Then formulate 
chemical composition and this process of heat treatment that has given 


‘essful or satisfactory results into data for a standard practice for that 


, eg 
chemical limits and 
ttreatment that satisfactorily meets the requirements. 


n class of work. This standard practice should then be followed as 
as it continues to give satisfactory results. 
ration between the heat treating department 
irtment should begin to function. 


This is where the co- 
and the metal production 
When that steel conforming to certain chemical limitations is secured 
subjected to certain definite heat treatment gives certain definite results 
in the required physical specifications of one of the classes of steel. 
rm the metal department that, when steel for this class of work is to 
nade, it should be within the chemical limits as determined bv the 
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experiments. LTurnish the metal department with a copy of the chemic - 
limitations and the class to which they belong. The metal departme: ie 
should then strive to furnish the steel to conform to these limits. a 

Another matter worthy of serious consideration is the condition of tl 
steel received for heat treatment, aside from the chetaical composition. Ste: le 
in order to show the maximum results from heat treatment, should be 
thoroughly deoxidized during the process of manutacture as is practy iff 
in average commercial work. The presence ot a large percentage \1 
oxides or inclusions of slag and sulphides may have a very serious effe 10 
upon the size of the ferrite network and crystal structure of the ste itt 
The metal department should bear this in mind and adopt methods 
thoroughly deoxidize, cleanse and quiet the steel before casting. es 

Having received at the heat treating department the proper kind le 
material with which to work, the success of future operations rests entire m 
with the heat treater, and, in carrying out this operation, there are mat ce 
items to be considered, the first of which is the furnace used for heating 1 en 
castings. There are a number of different types of furnaces in comm al 
use that give satisfactory service and the type to close is, of course, cor Al 
trolled by the local conditions, but whatever type 1s used, it is of pri - 
importance that it be so constructed and operated that a uniform temper ng 
ture can be maintained at all times in all parts ot the heating chambe 
This uniformity of temperature is as essential duriig the period ot bringi vs 
up to the required temperature as it is after the required stage has hi I 
reached, otherwise there will be a loss of time and fuel in bringing tl 2 
part of the furnace which lags behind up to equilibrium with the othe: q 
part of the furnace. ‘This will also cause part of the charge to be hel é 
at the maximum temperature for a longer period than the balance whi US 
heated up more rapidly and does not conduce to uniformity of results. ! 
the furnace does not reach a stage of uniformity as to temperature in * 
parts of the heating chamber and maintain this uniformity at the tempe1 er 
ture required, its use should be discontinued and it should be reconstruct O 
to eliminate this defect. 

The fuel used for generating the heat in the furnace can be eitl ; 
coal, gas, oil or electricity, all of which give satisfactory results if proper! a 
manipulated. Where coal, gas or oil is used, care must be taken that = 
castings are not subjected to the direct action of the flame, or they will : 
badly pitted and oxidized. Electrically Heated furnaces are subject to clos o 
control and maintain a uniform heat with minimuin care, at the same ti : 
reducing surface oxidation to a very low figure. 4 

In charging a heat, care should be taken to charge in one heat o1 : 
castings of similar design or thickness of section. Castings of intrica I, 
design and small sections demand particylar attention in charging, drawi! ; 
and heating, and where charged with castings of simple design and \ 


heavy sections, complicate the operation. If heavy castings and 
castings are charged in the same heat, the light castings will come up 
temperature considerably before the heavy ones, causing a loss of time 

fuel by holding the furnace to temperature while the heavy ones are by 
heated uniformly through and up to temperature. This results in giving 
the lighter castings a longer soaking than necessary and greatly increa 
the amount of surface oxidation on them. The heat treatment on 

charge as a whole has been nonuniform and gives results in conformits 








ooling (rez itment, nonuniform 


ecording charts should he 
end on their readings to 


eing carried out. When the Of} 


igent in following out 


nd this should be done at 
‘rometer installation js worse 
se security leading to err 


urse, 1s controlled by the 
iter or brine can be used, or if 


elf or castings quenched, should | 





Che method of char; 


| Ings into ft] Lil L¢ CM WITHUTaAW ne 
em from the furnace will also have a bearing on the uniforn itv of thi 
roduct. The better method, where a Continuous turnace is not } use, is to 
ut the whole charge in at one time instead of piece a tinny | ha 
the same manner. \\ here the castings are charge O a not furnac 
ne at a time they will be brought up to temperature at differen periods 
Y time instead ot approximately at the same tiny thus oe he to the 
itferent castings a different period of soaking instead of a like treatment 
\Vhen withdr; awing from the 


furnace one at a time tor ait cooling or othe 
conditions are obtained by 
which the castings will 

The matter of temperature 
ected with the proper heat treatment of steel. \ 
le temperatures required, the utmost care should 
mperatures with accuracy day 


reason OT 
itferent temperatures at be taken from th 


measurement is one of the most vital 


iter having cc 


COT) 
termined 
be taken to secure 
atter day. Good pyron 
Installed so that the 


t 


these 

- 4% 
leters With prope! 
furnace operator can de 
ds to temperatures, and 
as to how 


follow Instructions 
man in charge 


also 


irish a check to the closely instructions are 
erator knows that a graphic record js being 
furnace operations, he ; 
instructions. 

After proper pyrometer installation has 
rgotten or allowed to run along 
I 


1? 


ade at all times on his 


ch 


S much more apt to he 

been miade. it should not pb 
wit thout frequent checking to d 

Is reading and recording correctly, 


letermine 
There are several differ 
t calibrating the thermocouples and 


indicating on 
regular intervals. A 
than none at all, 
atic results. 


‘nt methods 
recording Instruments, 
neglected or inaccurate 
as it flve ad sense 

Thermocouples heh 
manner that the differ 


Ol 


He attached 
the furnace in such a 


ent parts of the heating 
inber can be under observation for irregularity aS to temperature, One 
ermocouple permanently located at one point in the furnace does not 
ow the uniformity of 


temperature maintained 
In the treatment of castings requiring quenching, the 
re should be taken in the quenching operation to 
IS necessary in_ the process of heating. TT] 


in the heating chamber. 
same degree of 
secure proper 
quenching medium 
extreme hardness jc desired, 
steel of lesser hardness js wanted, oil. 
Having selected the quenching medium to suit the 
rpose tor which it is intended, the actual operation of quench; Ine’ should 
carried out with oe Care as to details. The quenching medium 
, vigorously agitated In order 
full chilling effect of the seins. otherwise 1] 
ly surrounding the casting would become heated 
efficiency for extr: acting heat from the 
in calculated. Nonagitation will also cause 
| about the casting itself and bring 
ding to cause warping of the 


results 


used, of 
result desired, If 


+ 


‘vy, medium or light. 


tO secure 
immedi 
correspondingly 
metal, thus giving : 


le liquid quench 
and lose 
a slower cooline 
Sas pockets to form around 
about ad process of unequal] cooling, 
Casting, 

As stated before, the matter Oi composition of 

treatment to be given, such as first 
nching medium, temperature at 
ich taken from quenching medium. 


individual plant conditions, but 


Material to he tr 1 


WC treated 
drawing temperature. 
which quenched and 


temperature 94 
are all questions to fy 


all 
working aloy 


temperature 


determined by 
> well defined | 
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and according to certain data ascertained by extensive experience of oth: 
entitled to speak with authority. All the items carefully considered 
worked out to form a standard of practice will, nevertheless, be of 
avail unless the human element is taken into consideration. By this 
meant the man or men who are selected to carry out the operations decid 
upon. No system, method or business is better than the man running 
In other words, it is hardly possible to devise a method of operation th 
is fool proof, so that it is quite essential to have the one in actual charge 
operations a man of ambition and energy, one who wants to learn, wai 
to follow instructions, and one on whose word absolute reliance can be h: 
This last human asset obtained, results in conformity with calculations c: 
be secured, and any failures can be traced to their true cause and additio1 
knowledge gained from the failures. 


SCALING OR OXIDATION AND REDUCTION OF METALS IN 
FUEL-FIRED FURNACES 
By O. Lellep* 
(A Paper Prepared for the Philadelphia Convention) 

“The furnace atmosphere in our furnaces can be kept oxidizing 
reducing as you like,” said the salesman of the furnace company to t 
engineer of a steel plant, who was buying a furnace equipment for h¢ 
treatment of steel. “Our furnaces practically do not scale steel heated 
them as ordinary furnaces do, because we keep the fuel and air automat 
ally in the same proportion. We synchronize their flow. Our 
tion can be set once for all time for 
ing atmosphere.” 


regu 


a neutral or even slightly red: 


The buyer was convinced of the automatic synchronizing or 


p 
portioning of the fuel and air for its burning and understood as 
practical language explicitly means a neutral furnace atmosphere is 
atmosphere which does not oxidize nor reduce, that a reducing atn 
phere reduces or transforms the oxide or scale into metal. He also 
lieved that as the manufacturer actually could make and maintain 
flame neutral or reducing, there should be no scaling at all. 

Under good expectations the bargain was concluded, the order pla 
and the furnace erected. The disappointment of the plant-engineer 
great when in actual operation at a comparatively high temperature 
long heating the furnace showed scaling. 

Who is to be blamed? The buyer thought that he had had son 
thing “put over” by the salesman and accused the latter. ‘The salesm 
told him what he believed and what under favorable conditions 
true, but as mostly done in business he did not tell the real truth. [ 
thermore, the reason for this disappointment to a great extent lies in 
incompleteness or incorrectness of the practical language which oi! 
uses the terms reducing flame and oxidizing flame. To avoid confus 
let us define accurately the conceptions concerned. According to \\ 
ster a flame is “A stream of burning gas or vapor, emitting light 
heat.” Thus, an expressed quality of a flame is the burning or the 
action between fuel and oxygen. If this reaction is accomplished tl 
is no fame any more but only a stream of highly heated gas which s 
can emit heat and light. A poorly constructed primitive gas but 
delivering unmixed streams of gas and air into the furnace and als: 


*Metallurgical engineer, Surface Combustion Co., New York. 
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oil burner actually give a flame according to Webster’s dictionary. At 
these burners one can observe a pronounced zone of combustion. An 
efficient modern gas burner delivering theoretical homogeneous mixture 
and provided with means for loc alized quick combustion practically lacks 
phenomena of flame and is approaching flameless combustion especially 
at temperatures above 2000 degrees Fahr.. As a matter of fact, there 1s 
no such thing as generally reducing or generally oxidizing furnace atmos 
phere. A socalled reducing flame can be oxidizing and vice versa. To be 
clear let us consider some plain and simple experiments: 

1. Suppose a small laboratory gas furnace is heated up to 1200 
degrees Cent. with a correct homogeneous atmosphere containing a the 
oretical amount of air without excess gas and excess air—an atmosphere 
or flame which is called generally and also usually supposed to be neu- 
tral. Let us investigate its alleged neutrality. Into this furnace is 
a a piece of magnesite brick with two cavities. One cavity contains 

1 piece of steel needle and the other cavity a grain of cuprous oxide. 
After a while the steel is oxidized entirely and transformed into scale 
while the cuprous oxide is reduced into a rounded molten button 
of metal. Thus it is plain that a furnace atmosphere with a theoretical 
amount of air at 1200 degrees Cent. actually gives an atmosphere which 
reduces cuprous oxide into metal but under the same conditions oxidizes 
iron. Therefore, one can speak only of an oxidizing, reducing or neutral 
atmosphere for a certain metal or substance. 

2. Let us consider any laboratory gas furnace which easily gives 


S a 


high and controllable temperature as for instance the surface or flameless 
combustion furnace invented by Professors Lucky and Bone or a Meker 


furnace. Let the furnace atmosphere contain some small amount of 
excess oxygen, say 2 per cent and the furnace have a temperature of 
1000 degrees Cent. Under. these conditions a piece of metallic copper 
wire about 1-64 inches in diameter placed upon a piece of magnesite 


brick into this furnace will be oxidized entirely. Now let us raise the 
temperature of the furnace with a flame having the same amount of ex- 
cess oxygen to 1/00 degrees Cent. and place into the furnace upon a cupel 
1 grain of cuprous oxide. After a while it will be reduced into metallic 
copper although the flame does not contain any reducing gas but con- 
tains a small amount of free oxygen. This experiment shows that besides 
the ‘composition of the flame, a change in temperature can change 
reducing or oxidizing qualities. 
3. That a furnace atmosphere with a correct amount of air without 
iree oxygen and without unburned gas, a socalled neutral flame, gives 
an oxidizing atmosphere for steel was shown by the first experiment. 
Let us heat our furnace in this third experiment with a rich flame con- 
taining unburned gas, for instance 7 per cent CO+ 2H, which flame is 
generally but incorrectly called reducing. Let our heat treatment fur- 
nace have a temperature of 800 degrees Cent. and our steel needle be in 
the atmosphere of this flame. After an hour of heat treatment, one can ob- 
serve a very thin layer of scale although the needle was plunged into oil 
n the furnace itself and thus any oxidization during the cooling period 
prevented. » The thickness of metal destroyed by oxidation amounts 
practically nothing—approximately 0.0005-inch—but undoubtedly the 
atmosphere, although it contained a considerable amount of excess gas, 
vas oxidizing. If we were to try the effect of a flame with some small 
mount of excess gas at 1300 degrees Cent. we would 


the 


notice that the 
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atmosphere remains oxidizing for steel. thus a certain atmosphere cai 
not only be oxidizing for steel and reducing for copper at the sam 
time (lst experiment); but an atmosphere of a definite composition cai 
be oxidizing for a metal at 1000 degrees Cent. and it can be reducing f 

this metal at 1/00 degrees Cent. (2nd experiment). Further a furna 
with a hearth open to fire gases remains more or less oxidizing or scal 
ing for steel under all practical conditions in heat treatment tfurna 

(3rd experiment). 

Thus it would appear that there exists an anarchy in the oxidizin 
and reducing conditions of an atmosphere for metals. That is onl 
apparent for physical chemistry has given certain laws, which predict 
when a furnace will oxidize and when it will reduce. Whether a meta 
oxide will be reduced or a metal oxidized into scale depends only on the 
oxygen pressure and on the temperature around the substance. A meta 
oxide is reduced when the oxygen pressure of its decomposing oxide | 
higher than the oxygen pressure of the surrounding atmosphere, and 
metal is oxidized when the oxygen pressure of its cxide under therma 
dissociation is lower than the oxygen pressure in its surrounding atmos 
phere. It is comparatively easy to measure the temperature but muc! 
more difficult to measure the oxygen pressure at the thermal dissoc! 
tion of metal oxides, which varies from several atmospheres for silve 
oxide to several thousandths of a millimeter mercury for iron. In thi 
furnace atmosphere the partial pressure of oxygen must be considers 
Partial pressure of oxygen in air is about 1/5 atmosphere or /60/5=15. 
millimeters of mercury. In a furnace gas resulting from burning fu 
with 100 per cent excess air, it is half of this amount. 

If fuel is burned with a theoretical amount of air in the furnac 
gases, the oxygen pressure approaches zero and measures in fractions 
of a millimeter of mercury, owing to some thermal dissociation of wat 
vapor and carbon dioxide. In a rich furnace atmosphere with som: 
excess fuel, incorrectly called a reducing flame, this oxygen pressur 
might measure in microns of mercury gage, but it exists and determin« 
the all important conditions for reduction and oxidation of metals. Rk 
turning to the practical combustion gases and considering them fron 
the viewpoint of reduction and oxidation, one can conceive that it doe: 
not pay to make the atmosphere in an open-flame fuel-fired furnace a 
tually reducing for steel. But it could be made by some complicat 
means either by increasing the percentage of unburned gases and thu 
diminishing the amount of dissociated oxygen or by increasing the ten 
perature. 

In flames where fuel is burned not with air but with oxygen, fi 
instance the oxycetylene flame, the conditions are much more flexiblk 
In those flames the unnecessary ballast, atmospheric nitrogen whic! 
accompanies oxygen in four parts to one part is not present. Therefor 
an oxygen flame gives a very high temperature so high that it is diffi 
cult to measure it. The oxygen pressure of dissociated oxides increas« 
rapidly with temperature and therefore it is a comparatively easy mat 
ter to reduce actually with a very hot oxyacetylene flame iron oxides int 
metallic iron. The reduction of iron ore in a blast furnace also is due 
a high temperature in presence of free carbon. An actually reducing 
condition for steel exists also in closed vessels as in carbonizing: boxes 
in presence of free carbon, but ordinary steel heat treatment as harde: 
ing, forging and annealing furnaces remain slightly oxidizing or scaling 
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lisregarding the unjustified and contradictory claims. A rich turnace 
itmosphere containing a large excess of fuel or falsely called reducing 
itmosphere remains actually slightly oxidizing for steel at these tem 
peratures. Likewise the atmosphere of a muffle furnace, consisting of 
products of combustion or air is oxidizing for steel. 
For the purpose of diminishing scaling effect it can be recommended: 
l. To exclude free oxygen from furnace gases by using modern 
urnaces. here are on the market at present time well developed and 
ery satisfactory automatic gas and air proportioning devices of different 
makes. For a gas furnace particularly, there is no excuse for free oxy 
ren in furnace gases. The old assumption that some excess air was 
lecessary for a complete and efficient combustion in gas furnaces is not 
true. A thorough mixing of air and gas before entering into the fur 
ace helps much towards a complete and quick combustion. Localized 
ombustion on baffle walls, impinging refractory beds and a combustion 
tunnel have the same effect. 
2. To protect the steel from direct contact with the flame or to 
tay where the velocity of the furnace gases on the 
s low as possible. — 


> 
ate 


surtace of steel is 


In many forging and other heat treatment furnaces, the scaling 
s effected not so much in the furnace as outside of it during forging, 
pressing or moving from one place to another. This cause of scaling can 
re diminished by shortening the 
minimum, 


necessary time of exposure to a 


The scaling of steel in furnaces is due to two causes: The 


presenc 
tree Oxygen in furnace gases; and the oxidization 


ettect ot carb 11 


lioxide and water vapor. The first cause, free oxygen, can be eliminated 
ntirely in a modern gas furnace by automatic gas and air proportioning 
levices. ‘The second cause affects steel very slowing and for shorter 


lecating operations below ™% hour practically is negligible. 
The terms reducing or oxidizing atmosphere in furnaces or reducing 
oxidizing flame are misleading or incongruous as there is no reducing 
r oxidizing condition in general but only relative reduction or oxida 
tion of certain substances at a determined temperature and composition 
the surrounding furnace atmosphere. 


It seems more practical, there 
ac. 


to state, instead e& the misused reducing and oxidizing flame, a rich 
nd lean flame; the first term defining a flame with more than 
heoretical amount of fuel, the second term a flame 
theoretical amount of fuel. 


the 
with less than the 
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News of the Chapters 


NEW CHAPTER IN CHARLESTON 


The first chapter of the American Society for Steel Treating to be organ- 
ized by others than the National office was instituted in Charleston, W. Va., 
on the first of February. The application for the Charleston chapter was 
granted by the Board of Directors of the National Society late in December, 
upon the petition of some 17 interested men. 

At the organization meeting of the chapter, Mr. H. Schagrin, chief chemist 
of the U. S. Naval Ordnance Plant, was elected chairman, and Mr. W. I. 
McInerney, foreman of heat treating at the armor plant of the U. S. Navy, 


Harry Shagrin, 
Chairman Charleston Chapter 


was elected secretary-treasurer. The first stated meeting was held on Feb. 
lst when 65 members were in attendance. A very interesting paper was 
presented by Mr. C. E. Margerum, metallurgist of the U. S. Navy Ordnance 
Plant, upon the subject of ‘““Mechanism of Heat Treating.” At the close of 
Mr. Margerum’s paper, a very lively discussion was held, besides various 
matters of importance were also discussed. 

The next meeting will be held March Ist when Mr. D. M. Giltinan 
foreman of heat treating of guns. and shells will present a paper on 
“Pyrometry.’ 

The spirit and enthusiasm manifested by the officers and members 
portends a most successful career for the Charleston chapter. 





CURRENT SOCIETY NEWS—CHAPTERS 


Major F. H. Schoenfuss, W. I. McInerney, 


Vice Chairman, Charleston Chapter Secretary-Treasurer, Charleston Chapter 


THE PRESIDENT’S VISITS 


Lt. Col. A. E. White, professor of engineering research, University 
of Michigan, and national president of the American Society for Steel 
Treating, completed his inspection of the Eastern chapters on Feb. 18. 
The chapters were visited in the order given: 

Monday, Feb. 7—Boston 

Tuesday, Feb. 8—New Haven 
Wednesday, Feb. 9—Bridgeport 
Thursday, Feb. 10—Hartford 
Friday, Feb. 11—Springfield 
Monday, Feb. 14—Providence 
Tuesday, Feb. 15—New York 
Wednesday, Feb. 16—Philadelphia 
Thursday, Feb. 17—Baltimore 
Friday, Feb. 18—Washington 

At all of these chapters, special arrangements were made to enter- 
tain the national president, and a large turn out greeted him in every 
chapter. The stimulating effect of his visit was most pronounced, and 
he added many friends to his already large list of acquaintances. 


CHICAGO CHAPTER. 


The Chicago chapter held its February meeting on Feb. 14 in the 
Lumbermen’s Exchange building, at which time over 150 were present. 
Mr. Lowry, metallurgist for the Oliver Chilled Plow Works, South Bend, 
Ind., presented a very interesting paper on “Practical Malleable Anneal- 
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ing.” Mr. Lowry has given many years study to the subject, and hi 
paper proved particularly valuable to the producers and users of mallea 
ble castings. he second speaker of the evening was C. P. Berg, con 
sulting industrial engineer of Chicago, whose paper on the “Relation 
Heat Treatment to Factory Production” was very enlightening and par 
ticularly interesting to the executives of plants. 

An interesting and well prepared letter sent out to the executives 
plants by F. C. Lau, chairman of the Chicago chapter, was productive ot 
excellent results in boosting attendance. Mr. Lau’s letter follows: 

January 25, 1921 
Dear Sir: 

“We respectfully invite your attention to our organization which has fi 
purpose the advancement of the art of heat treating of metals and the placing 
the industry on a more scientific basis. This fact has prompted our executi\ 
committee to try and co-operate with the heads of Manufacturing Plants as 
the best procedure that will show results at the factory. 

“INDUSTRIAL EXECUTIVES NIGHT, Monday, February 14th, at 
Lumbermen’s Association Club Rooms, 4th Floor, 11 South La Salle Street, 


afford the opportunity. You will not be lonesome as over a hundred of Chicago’ 

leading industrial executives have been invited. Dinner at 6:30, $1.50 per pla 

Meeting starts at 7:30. If you cannot participate in the dinner, come at 7:30 
“Mr. Lowry, Metallurgist for the Oliver Chilled. Plow Works, of South Bend 


Ind., will address us on the subject of “Practical Malleable Annealing”. 

“After a limited discussion of this subject, Mr. C. P. Berg, Consulting | 
dustrial Engineer of Chicago, will talk upon the “Relation of Heat Treatmen 
Factory Production”. 

“The merits of the AMERICAN SOCIETY FOR STEEL TREATING must 
be judged by results shown in quality and quantity of output in your heat treati: 
departments. 

“Your presence with some of your shop men that night will be well 
while. An apportunity to let men from the shop rub elbows with men 
other shops who are encountering the same difficulties and overcoming them, 
we are sure, make them worth more to you. 

“If you will kindly fill out the enclosed blank with the names of thos: 
think are interested and whom you want to attend, we will be glad to 
reservations for them. 


ft 


Yours very truly, 


F. C, LAU, Chairn 


PHILADELPHIA CHAPTER 


About 100 members attended the meeting at the Engineers Club on 
Jan. 28. The principal paper of the evening was delivered by H. M 
Brayton, research engineer of U. S. Ordnance Corp., on the subject | 
“Heat Treatment of Ordnance”. At the close of Mr. Brayton’s very 


interesting paper, Mr. G. Oertson, president of the Engineers Club gave 
some very interesting data on “Heat Treatment of Guns, by Midvale, 
for the U. S. Navy, in 1876.” Mr. Bullens, consulting metallurgist, 
Royersford, Pa. and author of the text book “Steel and Its Heat Treat 
ment”, gave a short talk on the “Fundamentals of Heat Treatment with 
Special Reference to Critical Ranges”. 

The membership campaign has been especially successful and_ the 


total membership of the.chapter at present is 226, and still growing. H 
J. Huester received first prize of $10.00 for having secured the largest 
number of new members. A peculiar coincidence of this feature was 
that the number of new members he secured was 143. There was 


triple tie for second prize, FE. G. Gaughan, G. W. Tall, and G. P. Bible, 
each having 8 new members to their credit. Mr. Tall and Mr. Bible 
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withdrew in favor of Mr. Gaughan, and the second prize of $5.00 was 
awarded to him. 

The Philadelphia chapter had the largest meeting since it has been 
organized on Wednesday evening, Feb. 16 at the Engineers’ Club. This 
meeting was held in honor of the official visit of the national president, 
Lt. Col. A. E. White, and to make the meeting irresistible, the following 
distinguished guests were invited to attend and speak at the meeting: 
Dr. George K. Burgess, chief of metallurgical division, Bureau of Stand 
irds, Washington; Morris E. Leeds, president of Leeds & Northrup, 
Philadelphia; Prof. Jos. W. Richards, professor of metallurgy, Lehigh 
University, and Richard Spillane, business editor, Philadelphia Publi 
Ledger. 

Dr. John A. Mathews, president of Crucible Steel Co. of America, 
had planned to be present, but at last found it impossible to attend 
Llowever, he sent the following telegram which was read at the meeting: 


“Tl regret exceedingly that urgent business keeps me in Pittsburgh today | 
pecially desired to pay my respects to Lt. Col. White in appreciation of the 
splendid work he performed in merging the two societies, and is now doing 


‘resident of the United society. J. A. MATHEWS,’ 


SCHENECTADY CHAPTER 


Che Schenectady chapter had a rather novel and interesting meeting 
in which they mixed music and magic with the black art of heat treating. 
lhe meeting was held in the Civil Engineering building, Union College, 
nm Monday evening, Feb. 7. ‘The principal paper was presented by E. F 
Collins, consulting engineer industrial heating devices, General Electric 
Co., on the subject of “Relative Thermal Economy of Electric and Fuel 
tired Furnaces, and Its Influence on Process Costs and Plant Efficiency.” 
Mr. Ippolito, Union College entertained with piano selections, and Mr 
Correa of Union College, with feats of magic. \ very lively discussion 
was held at the close of the meeting when the metallurgical troubles of 
all present were brought up and given consideration. 


WASHINGTON CHAPTER 


H. J. French, physicist of the Bureau of Standards has been elected 
secretary-treasurer of the Washington chapter. Mr. French is a very 
‘apable young man and the chapter looks forward to increased activities. 


CLEVELAND CHAPTER 


The January meeting was held in the Cleveland Engineering Societ 
woms at the Statler Hotel, on Jan. 21. Dr. S. L. Hoyt, metallurgical 
engineer of the experimental engineering laboratories of the National Lamp 
Vorks, Cleveland, presented a paper on “Impact Properties of Metals and 
Notch Tests.” Dr. Hoyt has done a great amount of work on this subject 
ind presented to the members first hand information. Over 70 were pres 
ent for the dinner and attended the meeting. 

Cleveland chapter had a very interesting meeting, at the Hotel Statle 
on Friday evening, Feb. 25, when the speaker was Dr. George K. Burges 
chief of the division of metallurgy of the United States bureau of standards, 
Washington, who presented a paper on the “Metallurgical Work of the 
United States Bureau of Standards.” Invitations were extended to the 
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members of the Cleveland Engineering Society, as well as the Cleveland 
branches of the American Institute of Mining and Metallurgical Engineers, 
American Society of Mechanical Engineers, and Society of Automotive 
Engineers. Altogether, about 350 were present. 


DETROIT CHAPTER 


o 

The January meeting was held in the Board of Commerce rooms on 
Jan. 27. A. F. McFarland, metallurgical engineer of the Vanadium Alloys 
Stee] Co., Pittsburgh, presented an interesting paper on “Some Notes on 
the Heat Treatment and Structural Characteristics of High Speed Steel.” 
Mr. McFarland is an authority on high speed steel and his paper offered 
conclusive evidence that he had given his subject very careful and thorougn 
consideration. An interesting and lively discussion followed the presenta- 
tion of the paper. 


LEHIGH VALLEY CHAPTER 


The February meeting was held in the Bethlehem club, Bethlehem, 
Pa., on Feb. 7, at 8 p. m. The address was given by W. S. Landis on the 
subject, “Electric Furnace and Future Geography of the Steel Industry.” 
The meeting was a rousing success and every one felt well repaid for 
having been present to hear Mr. Landis. 


BRIDGEPORT CHAPTER 


C. W. Copeland who has served very efficiently as secretary-treasurer 
of the Bridgeport chapter since its organization, has relinquished his 
duties in this capacity as well as those of metallurgist for Hares Motors 
Inc., and has accepted a position as metallurgist with the Timken Roller 
Bearing Co., Detroit. 

The Bridgeport chapter was very fortunate in securing for their 
new secretary, Mr. Charles F. Schmelz, superintendent of Curtis & Curtis 
Co. Mr. Schmelz is not unfamiliar with the details of his new position 
as he has served very capably as a member of the executive committee 
of the Bridgeport chapter. 


NORTH WEST CHAPTER 


Eighty members of the North West chapter attended one of the 
most interesting meetings this chapter has held, when G. A. Richardson, 
of the Midvale Steel & Ordnance Co., presented a paper on the “Produc- 
tion of Tool Steels’, illustrated by lantern slides. The meeting was 
held in the rooms of the Manufacturers’ Club. 


NEW YORK CHAPTER 


A very lively meeting was held in the Machinery Club, 50 Church 
St., on Jan. 19. About 100 were in attendance to hear E. F. Davis of 
the Celite Products Co., who gave an interesting talk on the subject of 
“Function of Insulation and Its Application to Heat Treating Furnaces.” 


SYRACUSE CHAPTER 


The Syracuse chapter had an interesting meeting on Jan. 27 at the 
Technology Club. Ninety members and guests were in attendance. A. 
M. Reeding of the Leeds & Northrup Co., presented a very instructive 
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paper on “Pyrometers and Their Application to the Heat Treatment 
f Steel”. Uhe discussion was lively at the close of the paper and 
was participated in by a large number of those present. 
















MILWAUKEE CHAPTER 


The Milwaukee chapter held its February meeting on Feb. 18 at the 
Continuation School when about 75 listened to Prof. J. F. Keller present 
his illustrated lecture, “Steel and Its Selection”. The meeting was 
pronounced an excellent one by all present, and a very interesting and 
‘complete discussion followed the presentation of the lecture. The meet 


ing Was preceded by a dinner at the Medford Hotel. 


ST. LOUIS CHAPTER 


st. Louis chapter had a very interesting and instructive meeting on 
Jan. 26 at the American Hotel. Richard P. Brown, president otf the 
brown Instrument Co., presented an excellent paper on “Pyrometry, Its 
Past, Present and Future, in Conjunction with the Heat Treatment ol 











Steel”. The paper was of such a character as to present unusual inter 
est to the members. The meeting was preceded by a dinner which 


vas largely attended. 

A very interesting meeting of the St. Louis chapter was held in the 
City Club at St. Louis on Friday evening, Feb. 25. H. Belleville, vice 
president of the Commonwealth Steel Co., entertained the members with 
three reels of motion pictures, entitled, “For the Good of the Common 
vealth”. Mr. Belleville explained the pictures as they were shown and 
inswered questions asked. ‘The bureau of mines had pronounced the 
reel showing the melting’in the open-hearth furnace a revelation and 
epoc in metallurgical photography. The meeting was preceded by a 
dinner. 










PITTSBURGH CHAPTER 


\n exceedingly interesting discussion followed the presentation of 
Carl Oehler’s paper on the “Essential Features of Electric Furnace and 
Its Future in the Iron and Steel Production,” which was presented at 
Pittsburgh, in the Chatham Hotel, on Jan. 18. Seventy five members of 
the society were in attendance. 

The Pittsburgh chapter had its February meeting on Feb. 15, at the 
Chatham Hotel, when W. L. Patterson of the Bausch & Lomb Optical 
Co., Rochester, N. Y., presented a very interesting illustrated paper on 











the subject of “( )ptics of Metallography”’. Over 75 were in attendance 
and participated in the discussion following the presentation of the 
paper. 


CINCINNATI CHAPTER 


x. A. Mitchell of the Pollak Steel Co., addressed the chapter on 
“Forging Practice’, at the January meeting of the Cincinnati chapter, 
nm Jan. 14. The meeting was held at the Ohio Mechanics’ Institute and 
was attended by 65 members and guests. At the close of the meeting, 
a buffet luncheon was served which added to the occasion. 

The Cincinnati chapter held its February meeting on Feb. 18 at the 
Ohio Mechanics’ Institute. R. M. Taylor, of the American Tool Works 
Co., presented a paper on “Steels for Machine Parts”. About 45 mem- 
bers were present at the meeting. A buffet luncheon was served at 
the close of the meeting. 
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Commercial Items of Interest 








A statement made recently reports the work of the committee on 
heat treatment of carbon steel of the engineering division of the Nation 
al Research Council. For these investigations, steel specimens are pro 
vided by John A. Roebling’s Sons Co., and rolled into round bars by 
the Carpenter Steel Co. Heat treatments and some of the microscopic 
examinations are conducted in the private laboratory of Dr. Henry M. 
Howe, chairman of the committee, who has devoted a greater part of his 
time during the last 15 months and without pay. Microscopic examina 
tions are made at the University of Minnesota while magnetic tests are 
made at the bureau of standards. During the year ending June 30, 
1920, the bureau of standards and bureau of mines furnished $10,000, 
but because of curtailment of congressional appropriations, their contri 
bution for the current year was reduced to $3500. The test pieces are 
being machined by the bureau of mines at Pittsburgh, the Bethlehem 
Steel Co., the General Motors Corp., the Neverslip Co., and the Ameri 
can Tool & Machine Co., without charge. Mechanical tests are being 
conducted: at the bureau of standards and the Watertown arsenal. 













lor the inspection of steel rails, rods, wire, cable, and all other steel 
and iron stock of uniform section, the Burrows deflectoscope and mag 
netic analyzer is described .in bulletin No. 41 recently distributed by Holz 
& Co., Inc., 17 Madison avenue, New York. A history of magnetic analy 
sis in the United States, fundamental magnetic quantities and magnetic 
analysis are discussed in the first eight pages. The balance of the 20 
pages is devoted to details of the apparatus, its operation and applica 
tions. Photographs and charts are used in illustration. 










Bulletin No. 11, distributed by Holz & Co., Inc., 17 Madison avenue, 
New York, describes the Eden-Foster repeated impact testing machine de 
veloped for investigating the resistance of steel and other metals to 
latigue produced by repeated stresses of small force. Several illustrations 
and tables give the specifications of the machine. 








According to recent information from the industrial heating section, 
supply department, Westinghouse Electric & Mig. Co., East Pittsburgh, 
Pa., considerable experimentation has been done during the past year, 
and much progress made in the development of a reliable and satisfac 
tory high-temperature heat treating furnace, with the result that there 
are now available electric furnaces for working temperature up to 1800 
degrees Fahr. and up to 2000 degrees Fahr. in some special cases. ‘The 
following installations made will show some of the results accomplished, 
and the relative value of this type of furnace. 








A 120-kilowatt furnace has been in operation for over a year heat 
treating automobile springs. The furnace is operated at 1560 degrees 
Fahr. Two tests made at different intervals showed consumptions ot 
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1520 kilowatt hours for 15,000 pounds of springs and 1550 kilowatt hour 
for 16,330 pounds of springs treated. Initial temperature of the steel wa 
70 degrees Fahr, and weight of the charge 675 pounds. 

Due to the tact that no combustible gases are generated in the elec 
tric furnace, no stacks are required, therefore, the efficiency is high. Like 
wise, there is no escaping gas, no odor, no smoke from the electric fur 
nace. At an installation made in a tool room, it was found necessary t 
install steam radiators in the room for the comfort of the employes 
who had difficulty in keeping cool when operating the fuel-fired furnace 
even during the coldest weather. 

For the manufacture of all types of coil springs from wire up to %-in 
diameter, the Superior Spring Co. recently has been incorporated at Spring 
field, O. Automatic equipment has been installed and on March 1, producti 
was commenced under the supervision of Joseph H. Sullivan, who has had 
25 years experience in the manufacture of coil springs. Special attention wil 
be given to the production of porch swing springs. 

“Research and Methods of Analysis of Iron and Steel,” is the title o} 
220-page book issued by the American Rolling Mill Co., Middletown, O.., 
describing and giving the history and chemical analysis of a number 
ancient irons. Considerable data on the subject of-research on corrosion 
presented which deals particularly with the gas content of iron and steel 
with the influence of various gases upon the rate of corrosion. Sever 
views of the apparatus used for magnetic testing are shown, including tho 
used for determining the permeability value, the core loss and the aging c 
efficient. The section entitled ‘Metallurgical Control” deals with scientif 


heat treatment, thermoelectric and optical pyrometers, microscopic tests a1 
physical tests including methods for determining tensile strength, hardnes 
ductility and alternating stress. 


The Chicago Coil Spring Co., Chicago, has under construction an ad 
dition to its plant. The structure will add about 15,000 square feet of spac 
This will be devoted to manufacturing upholstering springs, furniture an 
automobile couch constructions, japanning ovens and steel treating furnaces 
It will be equipped with a full line of spring making machinery. 

Oscar A. Michel, American and foreign patent, trade mark, design and 
copyright attorney, 324 International Life building, St. Louis, Mo 
recently has opened a branch office in Washington, where a representa 
tive will render service in any matters relating to patents, trade marks, 
designs or copyrights. 


The Westinghouse Electric & Mfg. Co., East Pittsburgh, Pa., recently) 
has been named exclusive agents in the United States and Canada for th 
line of industrial type electric furnaces manufactured by the Electric Heat 
ing Apparatus Co., Newark, N. J. The standard heavy-duty industrial fur 
naces include 12 different sizes from 18 inches wide, 24 inches long and 13! 
inches high, inside dimensions, with a capacity of 22 kilowatts up to 32 
inches wide, 72 inches long and 16 inches high with a capacity of 80 kilo 
watts. Either automatic or manual temperature control is supplied with th 
furnaces. 


Additional Commercial Items Appear on Page 52 








